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XIV 
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CHAPTER 1 
INTRODUCTION AND AIMS OF THE INVESTIGATION 
A pers on a f f l i cted to mis s ing a p art about t he face i s  
stigmatized and confronted by a social and personal cris i s . 
The face determines many aspects in the who le gamut o f  human 
encounte rs , s uch as social and play interactions , employment 
opportunities an d psychosocial determinations . T he pro blems 
t his poses to the patient are centered around t he psy c holo­
gical adj us tment to t he social cons equences of t he dis f igured 
face . 
T he clinical inves tigations of MacGregor (1951 and 1979) 
t hre w l ight upon the role of sel fconcept , t he patients sen­
s itivity to bodi ly impairment and t he ways in which maxillo­
facial pro blems in fluence social interactions . According to 
MacGregor t he maj or aims o f  t he re habi litation must be 
geared to 
fi rs t l y  : The re cons truction of t he face , in order to obtain 
an approximation of a normal face , and 
s e condly: T he prevention of potentially devastating social 
and psychological cons equences .  
T he s e  two aspects are c los e ly related because the psychoso­
cial problems of t he patient are s t rongly affected by a 
plas tic surgical treatment or a maxil lo facial pros t hetic 
treatment of a muti lated face . T he surgical recons truction 
has the advantage of be ing a replacement of mis s ing t i ssue 
by one ' s  own skin . T hi s  corre ctive procedure gains more 
e as i ly acceptance for the patient as part of his body t han 
a prostheti c  fore i gn device . A pros thetic reconstruction 
w i l l  remind t he patient of his handicap by t he every-day care 
of t he facial pros t hesis  toget her with t he feeling of being 
ostentatious ly dis abled (Fig . 1.1, 1.2, 1.3). 
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Fi gure 1 . 1 
Pa t i e n t  w i t h  a h i s t o ry of 
s q uamous ce l l  carcin oma . No 
imme diate recons truction was 
c h o s e n  to be ab l e  to  moni t o r  
t h e  defe c t  for r e c urrence .  
Figure 1 . 2  
A pro s t h e s i s  was fab r i c a t e d .  
The l i n e s  o f  j u n c t u r e s  are 
mo s t ly hidden by s p e ct a c l e s  
o r  are p laced into  s kin 
cre a s e s  and fo lds . 
Figure 1 . 3 
Sixteen mon t h s  o f  fo l l ow-up 
w i t h o u t  recurren c e ,  t h e  defe c t  
was s ub s equen t ly recons tru c t e d  
w i t h  a for e h ead flap.  P la s t i c  
s ur g i c a l  op eration by dr . E . W. Sauer . 
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There fore in general the plastic surgical reconstruction i s  
the fi rst me thod of choice i n  the treatment o f  a dis figured 
face . 
A prostheti c  reconstruction is the method o f  choice in 
cases of recons truction of an exenterated- or enucleated 
orbit and of a total or partial ear recons truction . It is 
also indicated after previous cancer surgery and after irra­
diation and in cas es o f  de bilitating physical health 
(Bulbul ian , 1973; Vermey , et al . ,  198 1). In general it g ives 
the mos t  p le as ing res ults . 
Thi s  study de als with the prosthetic recons tructions o f  
the dis figured face . The problems encountered w i l l be des ­
cri bed i n  chapter 2 .  The prosthetic recons truct ion o f  a 
mis s ing part o f  the face requires a restoration o f  form , 
texture and above all  color . The di fferent aspects o f  appear­
ance and its measurement as well as the appe arance of the 
skin are des cr i bed in the chapters 3 and 4 respective ly . 
The reproduct ion of form and texture is acquired by means 
o f  technological procedure s (Bul bul i an , 1973; Beumer , 1979). 
The color matching of the prosthesis to the skin is impor­
tant . Seve ral color matching sys tems have been devel oped which 
are based on artistic procedures ( Ouelette , 1969; Schaa f ,  
1970; Bart lett e t  al . ,  197 1). Other methods are based on 
internal co lor characte ris ation ( Fine et al . ,  1978) and 
external co loration in situ of a prosthes i s  whi ch has a 
standardi zed internal color ( Lontz and Schweige r ,  1976). 
Thes e  di fferent methods are time consuming , are di fficultly 
reproducibl e  and are based on subj ect ive color match ing for 
one l ight condit ion only . So far no method has been reported , 
whi ch has been based on an instrumental color measurement o f  
the skin . The ideal system will be the formulation o f  a 
mat ch ing base color using a spectrophotometer and subs equent 
computer program for spe c i fication of the ratio of pigments 
and e l as tome r .  This system will be invest igated in the near 
future . 
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The aim of th i s  invest igation is to determine the range 
of a skin color reproduc ing sys tem for a populat ion . In this 
system the colors of the comp lex dynamic variable multi­
l ayered skin are to be in cluded . More specif ically this 
means th at we have to study the fol lowing problems . 
1 .  The range of skin co lor l ikely to occur in ( the north 
o f )  the Netherlands . 
2. The variation of skin color caused by photobiologic 
factors . 
3. The effect of de rmal vas cular changes on the skin color 
due to mus cular work and due to tem�erature changes of 
the envi ronment . 
4 .  The in fluence of irradiation on the color of the skin . 
To th is end the fo llowing inves tigations were carried out : 
1 .  A color me asuring method is chosen and adapted for skin 
determinations . It was appl ied to the facial skin as 
we ll as other skin regions of the body wi thout inter­
fe ring with the vasculature of the skin . 
2. An epidemiological study on skin color is performed in 
a group of pers ons , originating from the north o f  the 
Netherl ands . 
3. An inve s ti gation of the seas onal variation o f  skin 
color i s  done in a group of persons with comparable 
social activities as the group of patients wi th a 
facial prosthe s is . 
4 .  A s tudy of the variation of facial skin color due to 
mus cular work . 
5 .  An inve s tigation on the variation of facial skin color 
due to environmental cooling . 
6 .  A study of the vari ation of facial skin color caused by 
irradiation in the he ad and neck region . 
The res ults of the investigations are des c r i bed in the 
chapters 5 ,  6 and 7 .  The pres ented data will indicate the 
maximum range of natural occurring skin color variation . 
14 
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CHAPTER 2 
APPEARANCE OF THE FACIAL PROSTHESIS - STAT E 
OF THE ART 
2 . 1. A b s tract 
The appe aran c e  of t h e  fa ce is  imp o r tant for t h e  s e l f­
concept an d t h e  s o ci a l  l i fe of a h uman b e i n g . Th e re fore a 
di s fi gured p e rs on n e e ds a s u rg i c a l  or pros t h e t i c  re cons truc­
t i on w h i ch app roxi mates the "norma l" fac e . The re l e vant de­
tai ls  of pros the t i c  t e chno l ogy are de s cri b e d .  They are aime d 
at t h e  incons p i ci o u s n e s s  of t h e  p ro s t h e s i s  i n  the face . 
S e v e ra l  co l o r  ma tching s y s tems are avai l ab l e , whi ch are 
b as e d  on arti s ti c  procedures an d co l o r  s h ade gui de s . No 
s y s t h ema ti c m e t h o d  is avai lab l e  whi ch dup l i c a t e s  s ki n  co l o r  
bas e d  on me as ure d s ki n  c o l or da t a .  For t h i s  and o t h e r  
re as ons t h e  re s u l ts o f  fa ci a l  pros t h e ti c  t r e a tme n t  are n o t  
i de a l .  At  t h e  momen t  t h e  r e h abi l i t a t ion proce s s ,  may o ffe r 
t h e  p a t i e n t  s ome imp lements  for t h e  adap tation to a s ome­
times far from n o rma l s o ci a l  l i fe . 
Furth e r  impro v e me n ts of materi a l ,  s ui t ab l e for pros t h e t i c  
re cons truction.p igme nts a n d  co l o r  matching s y s tem, a s  we l l  
as improveme n t  in t h e  p s y ch o s o ci a l  r e h ab i li tation pro c e s s  
o f  t h e  h an di c ap p e d  p a t i e n ts are required.  
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2 . 2 .  In troduc t i on 
Facial de fects may be caused by treatment o f  neoplasms , 
trauma and congenital ma lformation . The incidence o f  facial 
defects is re lative ly low , 1 : 1 0 0 0 0 0 /year ( approximately)  for 
the three northern provinces of the Netherlands . 
In the period of 1 9 7 0  to 1 9 8 1  one hundred and twenty-three 
patients with a facial de fect were tre ated prosthetically 
at the Department of Oral surgery and Maxillofacial Pros­
thetics of the Univers i ty of Groningen . They are class i f ied 
in Tab le 2 . 1 .  For other epidemio logical data compare Jani 
and S ch aaf ( 19 7 8 )  . 
Tab le 2 . 1 .  Types , number and caus es of facial pros thetic treatment in 
1 2 3  pat i ents within a p eriod of 1 1  years ( 1 9 70- 1 9 8 1 )  
Type o f  causes no of t otal no 
pro s thesis tumour trauma congeni tal pat ients of pros-
the s i s  
o rbital 57 2 2 6 1  1 37 
nas al (partial + total ) 26 26 59 
auricular 1 6  5 2 2 3  40 
comb inat ion of facial 12 1 1 3  25 
Increas ing awareness of cancer may result in earlier diag­
nos is and treatment , whi ch w i l l  result in an increased sur­
vival rate . Thi s  may lead to an increas ing number of cases 
with facial tumour tre atment . The s urgical removal o f  a 
facial tumour whi ch leaves a defect in the surf ace o f  the 
skin , should not result in a morbidity which cannot be re­
cons tructe d .  The refore preoperative planning must intervene 
in such a way , that the social life  of the patient is as 
iittle dis turbed as pos s ib le .  
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2. 2. 1 .  Limi t a t i ons o f  t h e  treatment me t h o ds 
Res toration of facial de fects is a chal lenge for both the 
p l astic surgeon and the pros thodontist . Surgical reconstruc­
tions as we ll as prostheti c res torations have dist inct 
limitations . 
The s u rg i c a l  pro cedure s are limited by the availab i l ity 
of tissue and the condition of the vascular bed .  This vascular 
bed is sometimes in a poor condition due to irradiation and/ 
or a deb i l i tating phys i cal health . 
The p ros t h e ti c  proce dures are limited by the avai labi li­
ty o f  materials adequate fo r facial res toration , the movable 
s upporting tissues , the di fficulty in retaining a large 
pros thes i s  an d by patient-acceptance . 
Surgi cal rep lacement of a mis s ing part of the face by 
one 's own skin is accepted more eas i ly , although the contour 
is in ferior to a prosthetic recons truction in most of the 
cases . Pros thetic tre atment offers the advantage of a quick , 
reve rs ible and medi cally uncompli cated rehab i l itation . A 
prosthesis produces les s anxiety and permits mo re social 
readj us tment th an does a dre ss ing or no prosthesis at all 
( Cha lian et al . ,  1 9 72 ;  Bulbulian , 1 9 7 3 ;  Beumer et al . ,  1 9 79 ) . 
2 . 2. 2. Phy s i ca l  r e t e n t i o n  
A good retention of t h e  prosthesis on t h e  dynamically 
viab le skin is a precondition that determines the adequacy 
of performance of all other characteris tics of the facial 
pros thesis . Retention involves the appearance , the comfort 
for the patien t ,  and his adaptation of the prosthes is . 
The different methods of retention are described by 
Fonseca ( 1 9 6 6 ) . Mos t  patients may be served best by the use 
of a suitable adhes ive . Selection is based on biocompat ibi­
l ity , eas e of app licab i lity , the pos sibility of daily 
removal ,  the type of de fect , the presence or abs ence o f  
perspiration and the material of the prosthes is ( Udagama , 
1 9 7 5) . A perfect adhes ive is not availab le .  For the 
s i lastic
R 
material the Hol l is ter R medical adhes ive , or the 
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Epithan e - 3R adhesive has been selecte d .  
2 . 2 . 3 . Ps y ch o s o ci a l  aspe c t s  o f  di s fi gure m e n t  
The face is  the organ of verbal and non-verbal communica­
tion . The maxi llofaci a l  region is important for interperso­
nal contacts ranging from the mos t  superficial to the most 
intimate re l at ionships ( B a i ley and Edwards , 1 9 7 5 ) . For this 
reason a dis figured individual w i l l  find himself  at a 
se rious social dis advantage . His facial characteris tics , 
as perceived by others , dis tort their j udgments about him 
as we l l  as their communication with him. This may lead to 
social withdrawal . The gravi ty of this process depends on 
personal characte ristics , such as the selfconcept and the 
patients sens itivity to bodily impairment . It depends also 
on the social life of the individual , his environment , 
fami ly , friends and vocational as sociates (MacGregor , 1 9 7 9 ) . 
A compli cating factor in the patients reactions to dis figu­
rement is his fear and anxiety of cancer (Turns and Sands , 
1 9 7 8 ;  Sela and Lowenthal ,  1 9 8 0 ) . S uch a social re j ection 
and cancerofob i a  comp l ic ates the expected process of reha­
b i l i tation in th is crucial  stage of his life . This expected 
rehab i l itation may f i l l  the patient with feelings of un­
certainty about alteratio ns in modes of expres s ive behaviour 
( Bailey and Edw ards , 1 9 7 5 ) . 
On the other h and patients may develop unrealistic expec­
tations about pros thetic treatment and this may lead to 
negative attitudes toward the resulting max i l lofacial pros ­
thes is . Another type of patient may concentrate on the 
potential dis advantages of wearing an artificial subs titute . 
In an evaluation report of 7 6  patients with facial pros the­
sis (Jani and Schaaf , 1 9 7 8 )  44 of the respondents were not 
us ing thei r  pros thesis continuous ly . They had phys ically or 
prosthetically reasons for not wearing the prosthe s i s . 
Several investigators found no s imple relationship be­
tween the severity o f  facial dis figurement and the psycho­
logical s train on the patient (MacGrego r ,  1 9 7 9 ; Roz en et al . ,  
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1 9 72 ;  Sykes et al . ,  1 9 72 ; Roe fs et al . ,  1 9 8 2 ) . It has been 
observed that a prosthes es with a perfect configuration 
not always e l imin ates the psychological dis tress of the 
patien t .  A comp lete un de rs tan ding of the rehabil itation 
proces s requires the answer to the following que s tions : 
Is there any re lation between personality type and the re­
hab i li tative respons e? How important is the family structure? 
I s  the leve l of patient education and his s ocial class 
important? ( Gi l les et al . ,  1 9 79 ) . 
In practice seve ral factors are important in the rehabi­
litation proces s .  
1 .  I n  the in itial stages the patient should be allowed to 
mourn the los s of a part of the body . Klibler Ros s  ( 1 9 6 9 )  
expe rienced that denial for the reality o f  the patient 
mortality is unhealthy for the patients accept ance of 
the s ituation . 
2 .  The patient- doctor relationship based on an empathic 
mutual respect and con fidence gives the process of read­
j us tment to society a favourab le prognos i s  (Frank , 1 9 7 5 ) . 
3 .  Be fore and after dis charge cons iderations should be given 
to the patients re latives . The opportunity to discuss the 
prob lems concerning the prosthesis or any other related 
prob lem should be of fered (Addison , 1 9 7 5 ) . Institutional 
he lp by the soci al worke r should be available if the pa­
tient needs it.  However moral support by his family or 
re lat ives is pre ferab le (Molier-van Duyn , 1 9 8 1 ) . 
The chal lenge to the maxillofacial-prosthetist is to re­
l ieve the psy chologi cal trauma of the patient with a facial 
defect by manufacturing an esthetically pleas ing restoration 
of the los t facial organ with respect to contour texture and 
above all , color . This may faci litate the re instatement o f  
the patient i n  s ociety . 
The different aspects wh i ch determine how inconspicious 
the facial pros thesis i s, can be divided in to factors inde­
pendent of t i me ,  re lated to the res toration of contour and 
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texture , and time dependent aspects related to the facial 
tis sue and prosthetic materials used . 
2 . 3. Time i n dep e n de n t  asp e ats of appe aranae 
2 . J . 1 .  Res tora ti on of aontour 
Surgical techniques comb ined with irradiation therapy 
may leave large defects that demand the restoration of 
contour and texture of the particular facial area concerned . 
The impre s s ion , cas t ,  mode l ling , and investment techniques 
have been des cribed with great detai l  and accuracy by 
Roberts ( 1 9 7 1 ) , Chalian et al . ( 19 7 2 ) , Bulbulian ( 19 7 3 )  and 
Udagama ( 1 9 7 7 )  and others . It is up to the individual pros­
thetis t to choose his own technique , that depends on the 
laboratory faci lities . 
Removal of adj acent sub cutaneous tissue o f  a re latively 
small surface defect , as this may o ccur in case of an exen­
terated orb i t  or res e ction of the cartilage areas of the 
nos e , leaves the pros theti s t  with a diff icult choice . He 
may choose for a rehab i litation p l an whi ch will  restore the 
facial symmetry , or he may choose for concealment of the 
faci al defect , wi thout restoration of the symmetry , making 
use of the camouflage poss iblities of spectacles , eyebrow 
or moustache . A large r facial p rosthes i s  may have the nega­
tive s i de e ffect that its bulk may make it more obvious . 
Thi s  decision requires the know ledge or correct apprais al of 
the p sychological condition of the patient ( Conroy et al . ,  
1 9 7 5 ) . 
The prostheti c  res toration of the facial contour sometimes 
requi res surgi cal modifications to create an external ear 
canal , to remove s c ar t i s s ues , to improve the hairl ine , to 
al ter the configuration of the facial defect , to reduce it 
in s i ze , or to control the flow of nasal and oral se cretions . 
A un i lateral remnant of the nas al ala , after a partial 
rhine ctomy , may prevent a correct reconstruction of the 
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facial contour . Res idual t i s s ue remnants of the e ar have 
no retentive va lue an d may prevent sculpture and pos itioning 
of a prosthetic ear.  
The quality of the rehabi litative procedure depends in 
general upon the cooperation between the patient , the onco­
logy-surgeon , the e ar nos e and throat-s urgeon , the p lastic­
surgeon , the oral -s urgeon , the nurse , the oral hygien ist , 
the maxillofacial prosthetist �the social worker and the 
laboratory te chni cian . This cooperation is needed before , 
during and after the operation . 
2. 3. 2.  Rep ro du c t i on o f  t e x ture of t h e  adj a c e n t  s ki n  
The reproduction of texture of the skin requires the 
restoration in both amount as we ll as quality of surface 
re flection of ligh t .  Various attempts to achieve a l i fe l ike 
reproduction of skin with respe ct to wrinkles and grooves 
have been des c ribed . A gauze mo is tened with xylene was used 
to press on the surface of the prosthesis covered with an 
auto- catalytic elas tome r ( Oue lette , 1 9 6 9 ) . Spraying of a 
catalyst on the surf ace of the pros thes is was done by 
Firtell (Firtell et al . , 19 6 9 ) . Duplicat ion of the texture 
of an adj acent skin area in a thin layer of l atex , which 
was stretched over the wax pros thes is was done by 
Hawkinson ( 1 9 6 5 ) . Ain a ( 1 9 7 8 )  has des cribed a method of 
reproducing skin texture . This was accomplished by means o f  
a s i l i cone impress ion of the skin surface of the s ame , o r  
the contralateral side of the face . The s il icone impress ion 
was used as a mould to pres s  on to the softened surface of 
the waxed pros thes i s . These techniques only have the des ired 
e f fect when the internal coloring of the prosthesis i s  
sufficient . I f  addi tional external coloring is added , sur­
face detail produced by the impress ion technique may be lost . 
Tacti lity of the pros thes is material , def ined by the 
coe ffi cient of fri ction and hardnes s ,  should resemble the 
surface prope rties of the skin ( Lewi s  and Castleberry , 1 9 79 ) . 
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2 . 3 . 3 .  The margi ns of t h e  pros t h e s i s  
The inconspi cuousness of a facial prosthesis  is also in­
fluenced by the visibility o f  the margins o f  the p rosthesis 
( Fig . 2 .  1 and 2 .  2 . )  • 
Fi gure 2 . 1  
Pati e n t  w i t h  a h i s t o ry 
o f  s q uamous ce Z Z  carci­
noma with re currence 1 0  
mon t h s  aft e r  ini t i a l  radi o ­
t h e rapy treatme n t . T h e  p i c­
ture s h ow s  t h e  r e s u l t  aft e r  
rhine c t omie w i t h  e x t e n s i o i  
down i n t o  t h e  Z i p  
Fi gure 2 . 2  
In t h i s  n as a l  p ro s t h e s i s  t h e  
Z a t e r a Z  Z i n e  o f  j un c ture i s  
Z e s s  cons p i cuous b e caus e o f  
t h e  fea t h e r e d  margins . The 
cauda l Zine  o f  j un c ture w as 
c o v e r e d  w i t h  a mous tache 
A b lunt edge is more v i s ib ly than a feather edge construction . 
The abi lity to produce a feather edge depends mainly on the 
mechan i cal an d phy s ical p rope rties of the material used . 
Des i rab le ranges of the s e  p rope rties are des cribed by Lewis 
and Cas t leberry ( 1 9 79 ) . 
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2 . 4 .  Time dep e n de n t  aspe cts of app earan ce 
The conspi cuous nes s of a prostheses is related to the 
lost ph ysiological properties and anatomy of the de fect 
are a, the tis sue bed on wh i ch the pros thesis is s ituated 
an d the color and gloss of the adj acent dynamic variab le 
skin , re lative to the pros thes is . 
2 . 4 . 1 .  The p hy s i o l o gy of t h e  de fe c t  area 
Several physiological factors cannot be reconstructed 
pros thetically . The mobi lity of the eye and eyelid , as 
we ll as the lower- and upperlip is diff icult to reconstruct . 
The immobi lity of the prostheti c  eye , eyelid and a pros­
thetically re constructed upperlip is perceived immediately 
on intimate distance ( 3 0 - 45 cm) as wel l  as on personal 
distance ( 6 0 - 1 2 0  cm) as be ing abnormal ( Hall ,  1 9 6 9 ) . However 
viewed at public distan ce ( 1 2 0  cm) it may be acceptable . 
Spectacles for the eye or an arti f icial mous tache for the 
l ip shortens the di s tance level of pe rception and increases 
the degree o f  inconspicuousness (Fig . 2 . 3 . ) . 
Figure 2. 3 
On ly s ma l l  s e gmen t s  o f  t h e  l i n e  
o f  j un c ture of t h e  n as a l  p ros ­
t h e s i s  are o b s e rvab l e .  Mo s t  are 
hi dden by s p e ctac l e s  or c o v e r e d  
by a mous tache . 
Aryeli ( 1 97 6 )  has des cribed a technological innovation in 
making a movab le upper ey e l i d .  Th is eyelid was s imult ane ­
ous ly movab le with the contralateral one . The mi cro-elect ro-
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nic technology used in this construction may improve this 
procedure in the near future . 
The pros theti c  reconstruction of the lower lip is contra­
indicated be caus e of impairment of function , which causes 
incontinence of sal iva and impairment of swal lowing . In the 
case of an upperlip defect a temporary prosthetic reconstruc­
tion after irradiation and surgery may be indicated . This 
should be fo l lowed by a plastic surgical re cons truction as 
soon as pos s ib le .  
2 . 4 . 2 . Co Z o r  as p e c t s  o f  t h e  pros t h e s i s  
Skin color varies with different phy s i o logical and p atho­
logi cal condi tions , depending on the cap i l l ary b lood flow 
and oxygenation , the th i ckness o f  the epidermis ,  and the 
pres ence of p i gments . From this po int of view color matching 
between skin ( color) and prosthesis is a hazardous procedure . 
The degree of variation in skin color determines the uti l ity 
of a color match ing-procedure , and l imits the usabi l ity of 
an accurate color matching sys tem. 
A pros thesis  may be colored by an internal method , an 
externa l  method or a combination of both . S everal color 
mat ch ing procedures have been des cribed . Chalian and Lontz 
developed a method of in te ·rn a Z  co l o ring of heat temperature 
vul cani zed ( HTV) s i licone material . They used mixed metallic 
oxides or pigmented s i licone concentrates , together with red 
ny lon fibers ( Chal ian et al . ,  1 9 7 2 ; Chalian and Phil ips , 
1 9 7 4; Lontz and Schweiger , 1 9 7 6 ) . 
Internal coloring procedures at room temperature have 
been reported us ing vulcanized s il i cone ( RTV) ( F ine et al . ,  
1 9 7 8 ;  Chalian , 19 7 9 ) . In this method an opac ifier and 
various dry earth p i gments and different color rayon flocks 
are mixe d  into a transparent or s emi-transparent vis cous 
elastomer material . 
The method devel oped by Fine and coworkers is accomplished 
by the se lection of color shade guides . These guides have 
differing skin tone formulae whi ch can be used to dec ide the 
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intrins i c  color ch aracterisation of the pros the s i s . Di f fe­
rent layers of co lored RTV s i licone material may be applied 
to copy the semi-transparent character o f  the skin . The s e  
shade guides can be eas i ly duplicated . 
I f  the internal coloring of the pros the s is fails to match 
the skin color , an ext e rna l c o l oring may improve matching . 
Many procedures have been deve loped in the past . Bartlett , 
Pineda and Moore ( 1 9 7 1 )  applied an autocatalytic adhes ive 
s i licone thinned with xylene and colored with p igments to 
the surface of the pros thes is by means of a cotton swab . A 
patch of lint- free gauz e dabbed over the area afterwards 
gave a skin- like texture . 
Ouel ette ( 1 9 6 9 )  deve loped a spray coloring technique . A 
thinned s i li cone-e las tomer is mixed with selected pigments .  
The mixture is sprayed on the prosthesis unti l  the des ired 
hue i s  obtained and a catalyst spray is applied over the 
sprayed pigment so lution . 
Surf ace tattooing techniques have been des cribed by 
S chaaf ( 1 9 7 0 ) . Se lected pigments are mixed to the des ired 
shade . These pigments are applied to the prosthe s is with a 
tattooing machine . The colors are tattooed into the surface 
of the pros thes is un t i l  the des ired shade is obtained .  
The di f fe ring techniques have various dis advantages . The 
surf ace layer in the first two techniques eas i ly peel s  o f f  
during manipulation of the prosthe s is or during daily 
cleans ing by the patient . In the third procedure the re­
peated needle puncture may weaken the structure of the 
prosthesis . It is difficult to tattoe the thin margins . 
One has to keep in mind that a color match whi ch i s  
acquired arti ficially , usually h a s  vali dity only f o r  one 
l ight condition (this  will be dealt with in chapter 3 ) . 
The metameric e ffect caused by different i l luminants w i l l  
further comp li cate the problem of color match ing . In 
clinical practi ce a mixture of average dayl ight from the 
sky , arti ficial dayl ight il luminants or a cool white 
f luores cent illuminant are pres ent . Thi s  l ight mixture i s  
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usual ly spectrally d i f fe rent from average daylight at noon . 
The prosthetic match with the skin will vary under dif ferent 
lighting conditions . For an isomeric color match , the 
spectral ref lectan ce curves of the skin and prosthesis  need 
to be equal . In practice thi s  condition is di fficult to 
achieve because of the different pigments and chemical 
structure of the prosthetic materials as we l l  as o f  the skin . 
2 . 4 . 3. The co l o r  s tab i li ty o f  p ro s the t i c  mat e ri a ls 
Although the use of the modern e las tome rs and polymers 
has greatly improved the facial prostheses , there is s t i l l  
n o  ideal material which res embles or duplicates human skin . 
The newly developed e l as tomers have been reviewed by 
Hulters trom ( 1 9 7 5 ) , Gonzalez ( 1 9 7 8 ) , Lewis and Castleberry 
( 1 9 7 9 )  and Craig , Koran and Yu ( 1 9 80 ) . 
S i lasticR 442 1 0  po lydimethy lsi loxane was tested in an 
acce lerated aging experiment ( C raig et al . ,  1 9 7 8 ) . It 
showed an overall s uperiority in color stability compared 
with materials like polyviny lchloride and polyurethane . 
Ease of manipulation and process ing and adequate mechanical 
and physical qualities make s i lasticR 442 1 0  the material of 
choice for prosthetic reconstruction . 
The color change of a maxi llofacial pros thesis  varies 
with time and from individual to individual . Aging e xperi ­
ments with pigments have shown only minor color changes . 
These could not explain the degree of color change observed 
clinically ( Craig et al . ,  1 9 8 0 ) . This observed clinical 
change may be due to staining . This staining of the pros­
thesis may be the result of tobaccosmoke , environmental 
stains , body-oi ls , cummulative remnants of adhes ives or 
cosmetics appl ied by the patient . I t  is pos s ib le to remove 
surface staining from s i lasticR material using 1 , 1 , 1-tri­
chloroethane . This seems to be a promi sing deve lopment 
(Yu et al . ,  1 9 8 1 ) . 
2 7  
2 . 5 .  Summary and aon a l us i ons 
The re lative ly sma l l  group of dis f igured people , whi ch 
are tre ated prosthetically , require the highest quality o f  
rehab i l itation . This rehabi litation is aimed a t  the 
restatement of the dis figured patient in society . The 
ho listic medi cal treatment is the only one whi ch may be 
effe ctive . An adequate patient-doctor re l ationship , social 
nursery , an adequate in formation leve l of the patient and 
a prosthetic therapy of high quality support the patient in 
his process of adaptation to his handicap . 
A pros thetic therapy of high quality needs an improvement 
of the phys ical and chemi cal characteristics of the materials 
and pigments . This improvement has to result in a more 
durab le material which do not show disco loration . 
The appearance of a prosthesis has to be improved by 
aiming at a duplication of the optical trans fer of l i ght in 
the skin . This means a dupli cation of the spectral curve of 
light re flected by the facial skin , an immitation of the 
scattering - and absorbtion coeffi cient . The range o f  colors 
of the facial skin has to be de fined for a particular popu­
l ation , in orde r to deve lop a color matching system . In the 
future this color matching system should be extended with 
pigments , whi ch are sel f-matching to the variations in 
color of the skin . 
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CHAPTER 3 
l\PPEARANCE AND MEASURE MENT OF l\PPEARANCE 
3. 1 .  A b s tract 
Thi s  chap t e r  gives  a s urvey o f  the di ffe rent factors 
wh i ch p lay a ro le in t h e  v i s u a l  p e rc e p t i o n  o f  ob j e c t s  and 
t h e  di ffe rent m e t h o ds o f  me as uremen t o f  app e arance . 
The v i s ua l app e arance o f  obj e c ts i s  de t e rmin e d  by the 
s p e c tra l di s trib u tion o f  l i gh t ,  t h e  i n t e ra c t i on o f  l i g h t  
wi th ob j e c t s , t h e  vis u a l  p e rception and t h e  di ffe rent 
b ack ground condi tions . The phenomenon o f  app e aran ce i s  
des crib e d  in phy s i ca l ,  p s y ch o l o g i c a l  a n d  p hy s i o l o gi ca l  
te rms . Phy s i ca l and p s y ch ophy s i c a l  asp e c t s  o f  t h e  
app e aran ce o f  o b j e c ts c a n  b e  me asured wi th di ffe ren t 
ins trumen t s . For t h e  p s y chophy s i c a l  meas ureme n t  t h e  L * ,  u*, 
v* co l o r  di ffe rence s y s t e m  ( CIE, 1 9 7 6 )  has b e e n  s e l e c t e d .  
This i s  o n e  o f  t h e  s ca le s  t h a t  mos t  c l os e ly re l a t e s  t o  t h e  
v i s u a l  s i t uation e n c o un t e r e d .  
3 . 2 .  In trodu c t i on 
The analy s i s  of s kin appearance require s  an understanding 
of the fundamentals of color s cience . Appe arance is the as­
pe ct of vi s ual experience by whi ch things are recognized . 
The des cription of appearance i s  obtained in terms of three 
factors : phys ical , psychological and phys iological . 
The interaction of these phenomena is summarized in the 
des cription of Bil lmeyer ( 1 9 6 6 ) : "The perception of the 
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appearance of an obj ect mode , like the skin , is a function 
of the phy s i cal quality of the light , the phys iological 
processes in the retina an d brain and psychological inter­
pretation of the phys io logical re sponse ". 
The re l ation between physical stimuli and the pe rceptual 
aspe cts of the responses to these stimuli is encountered in 
psychophys ics . This psychophysical concept is obtained by 
de fined generali z ations , in phy s ical terms , of concepts 
derived from the sub j e ctive aspects of the response of the 
human organism to phy s i cal stimuli .  
In this chapter the phenomenon of appearance in phys ical , 
psychologi ca l  and phys iological terms are described . 
3 . 3 .  Phy s i aa Z  ahara a t e ri s tias  of Z i g h t  
A light wave i s  electromagnetic energy qualitatively 
characte ri z ed by its wave length , frequency or photonenergy . 
Photonenergy is directly proportional to frequency ; both 
energy and frequency are inve rsely proportional to wave­
length . A unit of me asure for wave lengths is the nanomete r .  
The energy of a photon i s  conveniently expressed i n  e lectron 
volts . 
Light with wave lengths from about 40 0 nm up to about 
7 0 0  nm gives a vis ual sens ation . A light source may radiate 
over the whole of the vis ible spectrum. The light of a 
source can be p lotted in terms of a spectral energy distri­
bution curve . The Commiss ion International de l 'Eclairage 
(CIE)  h as defined standard light sources , their colors c an 
be re l ated to color temperatures derived from black-bodies 
radiating with the same color.  Standard I lluminant A is a 
tungsten filament lamp w ith a color temperature of 28 5 4° K .  
Standard I l l uminant B is an approximation o f  noon sun l i ght 
with a co lor tempe rature of 48 7 0° K .  Standard I lluminants C 
and D 6 50 0  each are an approximation of overcas t daylight 
with color temperatures of 6 7 7 0 ° K and 6 5 0 0° K ,  respectively . 
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The solar spectrum is determined by the temperature of 
the surface of the sun , about 5 7 0 0° C.  The spectrum has a 
b road pe ak centere d near 5 6 0  nm , a yellow- green wavelength . 
The eyes are mos t  sen s itive to spe c i fica lly th is wave length 
region . Roughly speaking , light is perce ived as being white 
i f  its spectrum resemb les that of sunlight (Fig . 3 . 1 ) . 
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The s e n s i t i v i �y o f  t h e  ey e c lo s e ly m a t c h e s  t h e  s p e c t rum 
of s un li gh t .  The s un 's radi a t i on is app roxima t e ly that  of 
a b l ack b o dy w i t h  a t e mp e rature of 5 7 0 0° C. The s p e c t rum 
can be des crib e d  in uni t s  of radiant p o w e r  p e r  are a as a 
fun ction o f  wave length  o r  fre q ue n cy ( o r  e n e rgy ) ( a dap t e d  
fro m :  S c i e n t i fi c  Ameri can , Oct . , 1 9 80 ) . 
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The quantity of light is de fined as the radiant f lux 
( = energy per un it time ) emitted , trans ferred or re ceived 
2 through a surf ace (watt/m ) . 
3 . 4 .  Th e v i s u a l  s e n s ation and p e r ce p ti on 
The s e ns a t i o n  can be de fined as the uninterpreted con­
scious caus ed by the stimulation of a sense receptor , 
where as the p e rc e p t i on can be de fined as the comb in ation of 
di fferent sensations and the ut i l i z ation of past expe rience 
in recogn i z ing the ob jects from which the stimuli come 
( Hunter ,  1 9 7 5 ) . The visual sense enab les us to perceive , 
among other things , the color of lights and ob j ects . The 
eyes are a de tector of light , are sensitive to the direc­
tion of light , to dif ferent amounts of l ight and to the 
quality or wave lengths of the light . 
The perception of color is re l ated to the wavelengths 
present in the stimulus . However the eye is not equally 
sens i tive to light of a l l  wave lengths . Research in the 
effe ctiveness of the radiation in stimulating the eye ( and 
producing a visual sens ation) resulted in the definition 
of the spectral luminous efficiency curves for photopic 
vis ion and s cotopic vis ion whi ch were adopted by the CIE 
respective ly in 1 9 2 4  and 1 9 5 1 .  
Color vis ion is subserved by photoreceptors . Marks and 
Dob e l le et al . ( 19 6 4 )  provided the final proof for the 
exi s tence of three photoreceptors , the cones , with dif ferent 
spectral sensitivitie s :  one primarily red sens itive , another 
primarily green sensitive and the third primarily blue 
sens itive . The best estimates of the ir spe ctral sensitivity 
functions are derived by Vos and Walraven ( 1 9 7 8 ) . The cur­
rent ly accepted theory of color perception zone was alre ady 
proposed by a . a .  Mul ler ( 1 9 3 0 ) . According to this theory the 
respons es of the se three types of color re ceptors in the 
retina are converted in the eye and optic nerve to opponent-
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color s ignals , as first pos tulated by Hering ( 1 8 7 8 ) . This 
theory states that there are six primary co lor sens ations 
which are subserved by three opponent color systems : 
b lack-white , red- green and ye llow -b lue . For a review of 
modern zone theories of color vis ion see Bouman and 
Wal raven ( 1 9 7 2 ) . 
The perception of light in relation to its physical 
parameters is called the science of psychophys ics . The law 
o f  Fechner defines the approximately logarithmic relation­
ship between phys ical luminance of the light source and 
perce ived lightness .  A power law (with exponent 1 / 3 )  may 
even provide a better des cription ( Stevens , 1 9 5 3 ) . In 
actual practice the surroundings and the adaptation modify 
this relationship ( e . g . Stevens and Stevens , 1 9 6 3 ) . The 
visual mechanism is capab le of evaluating very small color 
differences , but th is too depends on the observation con ­
ditions . Although the eye cannot make exact quant itative 
measurements , it can be used as a very sensitive dis crimi­
nating sensor in a matching s ituation . 
3 . 5 .  The mode s of app e arance-p s y cho Z ogi c a Z  compone nt 
In a phenomenologi cal approach Katz ( 1 9 3 5 )  was among the 
first to des cribe the comp lex ways in wh ich colors are 
perceptually experienced . The clas s i fi cation of Katz was 
adopted ( although s impl i f ied)  by the Committee on Colori­
metry of the American Optical Society ( 1 9 5 3 ) . In particul ar 
the dif fe rence between self  luminous ( ape rture mode ) and 
re f lected color ( obj ect mode ) is  important .  
As for the prosthes is and the skin the ob j ect mode of 
appe arance has to be applied . The re levant attributes of 
this mode as pe rceived by an observer are : l i ghtness , hue , 
s aturation , texture , transparency , duration , s i z e , shape , 
location . Lightness , hue and s aturation form the three 
di f ferent dimensions of color perception prope r .  
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In addition to the above attributes it i s  necess ary to 
know the exis tence of psychological primary colors (He ring , 
1 8 7 8 ; Wys z ecki , 1 9 5 3 )  such as red , ye l low , gree n ,  blue , 
b l ack and white . 
The approaches and findings of psycho logy are app lied to 
vis ion by Arnheim as cited by Hallarman ( 19 7 1 ) . In this 
concept , vis ion is a creative activity of the min d .  
Accordingly the response to the phenomenon of vis ion is 
strongly in fluenced by environmental expe rience an d cultur­
al patterns . 
3 . 6 .  Phy s i o l og i c a l  e ffe c ts influencing co l o r  p e rc e p t i o n  
The color of an ob j ect as  perceived in  the every day 
experience is intricately re l ated to the perceptions o f  the 
environment under study and the various phys iological 
respons es of the eye . Thi s  visual response varies with the 
phy s i cal parameters of both the s timulus and those of the 
other s timuli in the field of view . This finds its expres ­
s ion in a number o f  visual phenomena t o  b e  dis cus sed.  
3 . 6 . 1 .  Simu l tane o us b r i g h tne s s  cont ras t 
This re fers to the changes in the lightnes s  or bright­
nes s  of a stimulus due to the pres ence of a ne ighbouring 
stimulus . This causes an inst antaneous adj ustment of the 
visual system and produce s dramatic e f fe cts in brightness 
perception . The result of several investigations indicate 
that the magnitude of the contrast effect decreases rapid­
ly with spati al separation ( e . g .  Leibowit z , Mote and 
Thurlow , 1 9 5 3 ;  Bec k, 1 9 7 2 ; Walraven , 1 9 7 3 ) . 
3 . 6 . 2 .  Simu l tane o us hue con tras t 
The hue of a visual stimulus changes when a background 
of a parti cular hue is introduced . The stimulus takes on 
the complementary hue . K inney ( 1 9 6 2 )  reported that the 
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amount o f  the comp lementary color induced in a central 
test field incre ases as the s i z e  of the inducing b ackground 
field is increased and as the luminance ratio between 
testfield and inducing field is increase d .  For a review 
of the phenomenon of color contrast see Walraven ( 1 9 8 1 ) . 
3 . 6 . 3 .  Effe cts o f  te xt ure , c o n t o ur and confi g u ra t i o n a l  
fac t o rs 
Texture is the quality of the s tructure o f  a surface . 
The perceived contras t may be reduced in the case o f  
textured stimuli (Woodworth and S chlos sberg , 1 9 5 5 ) . Con­
trast may be greater with a sharp contour than with a 
graded contour ( O 'B rien ,  1 9 5 8 ) . 
Benary ( 1 9 2 4 )  and Coren ( 19 6 9 ) reported the importance 
of figure-ground relationship i . e .  different contrast 
effects depending on which part of the pattern is seen as 
figure and which is be longing to the background . 
The perceived contrast is reduced i f  the st imulus in 
question is seen as separated from the background ( Mershon 
and Goge l ,  1 9 7 0 ) . Summari zing : several experiments have 
shown that sub j ective contrast is a function of the lumi­
nance size , degree of texture , contour, figure-ground 
re l at ion and separation rrom the background . Additional 
concepts are needed to fully exp lain th is subj ective 
contrast (Berman et al . ,  1 9 6 5 ) . 
3 . 6 . 4 .  A s s imi l at i o n  
Evans ( 1 9 4 8 )  i l lustrated the oppos ite e ffect of contrast . 
Colored areas appear lighter when overlaid with white lines 
than ove r laid with black l ines . Thi s  phenomenon is called 
ass imi l at ion . Helson ( 1 9 6 4 )  hypothe s i zed that smal l diffe­
rences in stimulation in neighbouring areas result in 
summation of retinal responses : y ielding as similation . 
However, l arge dif ferences result in inhib ition . 
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3 . 6 . 5 .  A dap tation and oo l o r  oons t an oy 
Light and dark adaptation refer to the changes in 
sensitivity wh ich allows the eyes to adj ust to changes in 
illumination . In color perception only photopic stimula­
tion is re levan t .  Adaptation to colored lights cause s 
differential adaptation in the three types of cone s . Thi s  
e ffect i s  responsible f o r  co lor constan cy , that is , the 
fact that ob j ects may ret ain the ir "normal "  color although 
the phys ical stimulus may vary due to spectral dif ferences 
in the il lumin ation . This leads to the idea that color is 
the prope rty of the surface of an ob j ect . Theoretical 
exp l anations date alre ady from Helmholtz and Hering but 
the mechanisms involved are s ti l l  but partly understood 
as reviewed by Walraven ( 1 9 8 1 ) . 
It is pos s ible to j udge the shapes of ob j ects by our 
vis ual impress ions of them and to compare these with 
factual experiences involving s imil ar ob j ects . However 
such associations in the s ituation of color are manifest­
ly impos s ible . 
3 .  7 .  The re l a ti on o f  t h e  phy s i ca l  s timu l us and t h e  p s y oh o ­
logi o a l  s e n s a ti o n  
Although the pe rception of the ob j ect mode of appe arance 
is an extreme ly complicated s ituation , de scribed in chap­
ter 3 . 6 ,  the re is a phys ically measurab le property of an 
ob j ect that is re l ated to its perceived color i . e .  the 
light re flected by the surface of the ob j ect . To s at i s fy 
a practi cal need in engineering appli cations one may 
postulate a caus al re lationship between the incident 
phys ical s timulus and the perceived color . 
Thi s  psychophy s i cal domain is es sentially arti ficial 
(Wright , 1 9 6 9 ) and obt ained by de fined general i z ations , 
whi ch will be explained briefly in the following chapters . 
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3 .  7 . 1 .  The s y s tem o f  co lor s p e c i fi ca t i o n  
The sys tem of spe cification of color is based o n  the 
1 9 3 1  CIE standard ob server (Wysz ecki and Sti les , 1 9 6 7 ) . 
This is a hypothetical ave rage observer de s cribed by the 
CIE spectral tris timulus functions ( X ( A ) , y ( A ) , z ( A ) ) re­
commended in 19 3 1  for a 2° field of vis ion . A supplementary 
observer for a l arger 1 0° field was adopted in 1 9 6 4 . Both 
were formul ated as a result of color matching experiments 
in the aperture mode . 
CIE colorimet ric tris timulus values ( X ,  Y ,  Z) are 
obtained from the integration of the X ( A ) ,  y ( A ) , z ( A ) 
functions mu ltiplied by the spectral distribut ion o f  the 
color stimulus . The s e  CIE tris timulus values are obtained 
from spectrophotometric data . The tristimulus values for an 
obj e ct color are calculated by the multipl ication of the 
spectral energy of the light source time s the spectral 
re flectance of the ob j ect times the tristimulus fun ctions 
of the observer , expressed in the coordinate sys tem for 
obj ect colors CIE (Y , x, y) (Fig . 3 . 2 . ) .  
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The t ri s timu l us v a l u e s  for an o b j e c t  co l o r  ( Y ,  x, y )  are 
ca l cu l a t e d  from t h e  s p e c t r a l  refl e ctance o f  the obj e ct ,  
t i me s the s p e c t ra l  e n e rgy o f  t h e  l i g h t s o urce times t h e  
t ri s t i mu l us fun c t i on s  o f  t h e  ob s e rv e r ,  
x y x -X+Y+Z ; y =x+Y + Z  
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Later on trans formations of this co lorimetric coordinate 
system were proposed to achieve that visual color diffe­
rences correspond uni formly to coordinate differences . This 
modification was based on visual dis crimination and magn i­
tude s caling expe riments and resulted in the deve lopment 
of uni form color scales . 
The various characteristics o f  the un iform color spaces 
are : 
1 .  The color spaces yield approximate ly uniform rel ation­
ships of perceptual color dif ferences to nume rical 
di f fe rence s in coordinates of the space . 
2 .  The dimens ions of the spaces are more or less relatable 
to visually recognized attributes of color appearance . 
3. There is a non- linear re l ation between ob j ect luminance 
and the l i ghtness dimens ion , simi lar to the non- linear 
receptor response found in e lectrophys iological experi­
ments ( a . a .  Boynton and Witten , 1 9 7 0 ) . 
Within this framework , there are a variety o f  numerical 
s cales used to express color dif ference ( Hunter , 1 9 7 5 ) . 
They all  have the specific advantages and dis advantages and 
have specific appl ications (Boynton , 1 9 7 9 ) . 
Hunter ( 1 9 7 5 )  criticizes in this aspect : " ne ither the 
nume rical measurements of color dif ference nor the relation­
ships of these measurements to visually observed color 
differences can be cons idered to be wel l  standardized or 
reproducible from one experimental setup to anothe r " . 
Various un its are used to quanti fy color differences . 
They are re lated to dif ferent spaces . The spaces ( systems ) 
are described by Hunter ( 19 7 5 )  and can be traced to one of 
the three fo llowing psychophysical systems . 
1 .  The Nickerson Index and the Adams-Nickerson unit , based 
on Mun s e l l  scales of hue , value and chroma . These are 
three variab les in an experimental system of p ape r ch ips 
with perceptually uni form color diffe rences . 
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2 .  The N . B . S .  unit of Color Di f ference (Judd-Hunter N . B . S .  
Unit ) , based on the threshold between comme rcially 
acceptable and unacceptab le color matches .  
3 .  The Mac Adam Uni t ,  repres enting the min imum percept abl e  
color dif ference determined b y  Hae Adams expe rimen ts 
( 1 9 4 2 , 1 9 4 3 ) . 
The relationships between the three color dif ference 
units are that 1 NBS uni t is about equal to 2 or 3 Mac 
Adam units whereas the Munse l l  Value unit is about 10 to 
30 times the s ize of the Mac Adam unit . 
3 . 7 . 2 .  Re commenda tion fo r t h e  s e l e c t i o n  o f  co lor s ca l e s  
One s ingle internat ional recommendation for a color 
space is not ava i l ab le .  The CIE recommends the use of two 
app roximately uni form color spaces and associated color 
d i f ference formulae (CIE , 1 9 7 6 ) . 
1 .  The L* , u* , v* space wh ich is a s l i ght ly modi f ied version 
of the CIE 1 9 6 4  color di f ference formul a ,  wh ich i s  based 
on a pro j ective trans formation of the x, y chromaticity 
diagram ( for cons tant lightness L* ) .  
2 .  The L * , a* , b * spac e , which i s  a cube root vers ion o f  
the Adams-Nickerson color-difference formula , i n  whi ch 
straight lines in the ( x ,  y )  chromaticity diagram 
be come curved line s . 
Preference for one or the other formula would be based main­
ly on convenience of use in part icular industrial applica­
tions (CIE , 1 9 7 6 ) . The L fun ction de f ining the l i ghtnes s  
corre late in the CIE 1 9 7 6  ( L* , u* , v* ) space i s  identical 
to the L* function of the CIE 1 9 7 6  ( L* , a* , b* ) space . No 
s imple relation exi s ts between the s cales u* , v* o f  the 
( L* , u* , v* ) space and a* , b* of the ( L* , a* , b* ) s pace . 
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3. 7 . 3 .  The s e l e ct e d  co l o r  s ca l e  
I n  th is rese arch pro j ect the specimen c lass can be 
des cribed as di ffusely reflecting ob j ects . 
As a result we se lected a color s cale based on the 
N . B . S .  un it of color difference the L* , u* , v* color space 
(Fig . 3. 3.) . 
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Ske t ch o f  ( L * ,  u*,  v * J  obje c t - co l or space w i t h  r e s p e c t  to 
CIE s t andard i l l uminant D6 5  and the CIE 1 9 6 4  s upp l e me n t ary 
s t andard o b s e rv e r .  The c o l ors of a l l  o b j e c t -c o l o r  s t imu l i  
fa l l  w i thin t h i s  b o undary . 
( From : D . B .  Judd an d G .  Wy s z e ck i : Co l o r  in Bus ine s s , 
Science and Indus try , 1 9 7 5 ,  pub l is h e d  w i t h  p e rmis s ion o f  
J .  Wi l e y  & Sons , New York ) . 
Thi s represents an estimate of magnitude of commerc ial ly 
acceptable color di fference with 1 0 0  un its fal ling between 
b l ack and white . This un it is used in an opponent color 
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model with re ctangul ar coordinates for chromaticity . The 
scale is approximately un i form in the relationsh ip of 
vis ua l  intervals to numerical differences in l ightness and 
chromati city . 
The di fference between two colors ( CIELUV ) is def ined as 
6 E* = ( 6L* 2 + 6 u* 2 + 6v* 2 )
� 
(CIE , 1 9 7 6 ) . 
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3 .  7 . 4 .  The re quirements to ob s e rv a t i ons 
The final stage in the obs erving s i tuation is the human 
observe r .  The mos t  e f fective condit ions for making visual 
evaluations are bas ed on studies concerning the capab i l it ies 
and insufficiencies of the eye and the brain ( Boynton , 1 9 7 9 ) . 
Standardi z ed conditions must be applied in order that 
such evaluations are reproducib le i . e .  the l i ght source 
( intens ity , angular s i z e  and s pe ct ral dist ribution ) , the 
observation geometry and the environmental conditions . 
In 1 9 7 1  the CIE recommended the colorimetric spe c i f i ca­
tion of opaque spe cimens , corresponding to one of the 
fo llowing conditions : 
1 .  The specimen is i lluminated by one or more beams whose 
axes are at an angle of 4 5° + s0 from the normal to the 
spe cimen surface and viewed with an angle not exceeding 
1 0° to the normal ( 4 5 °/normal ) .  
2 .  The s ame as in 1 but reverse : norma l/ 4 5° . 
3 .  Diffuse/normal , the spec imen is i l luminated diffusely 
by an integrated sphere . The angle between the normal 
to the specimen and the axis of the viewing beam should 
not exceed 1 0° . 
4 .  The same as in 3 but revers e .  Normal/di ffuse , the angle 
between the axis and any ray of the illumin ating beam 
should not exceed s0 • 
For the latter two conditions the specification o f  a gloss 
trap in s i z e , shape and pos ition shoul d be given (Wys zecki , 
1 9 7 8 ) . 
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3 . 7 . 5 .  Me tame ri s m  
Metame rism is the e f fect that two obj ects with spectral­
ly dif ferent radiations produce the s ame color unde r the 
s ame viewing conditions (CIE , 19 7 2 ) . Wysz ecki and Sti les 
( 1 9 6 7 )  de fine metameric colors as color stimuli of identi­
cal tris timulus values but di f ferent spectral energy 
distributions . In addition to th is , the problem is more 
comp lex becaus e a color in a matching s ituation may be 
metameric for one observer but not for another observe r .  
Col ors o f  identical spe ctral energy distribut ions 
(P 1 A = P2 A  for all  A )  are cal led isomeric colors . 
A measure of the degree of metamerism under a given 
i l luminant is recommended by the CIE ( 1 9 7 2 ) , which is the 
index of color di f fe rence , � E , between the two specimens 
computed for the given i l l uminant when tris timulus identity 
exists for the reference i l l uminant (CIE standard illumi­
nant C ) . In other words : there is no metamerism unde r 
illuminant A when the color dif ference �E between a pair 
of colors that match under il luminant C is zero under 
i lluminant A .  
In mos t  practical s ituations an exact metameric match i s  
rare ly i f  eve r accomplished. Degrees of metamerism o f  
greater than 2 or 3 indicate that the mismatch between the 
original and the reproduction may be ob j ectionab le l arge 
under those illuminants ( Judd and Wys zecki , 1 9 75 ) . 
In the s ituation of a color match between a facial pros­
thesis and the skin , the colorant formulation of the repro­
duction of the skin should be such that an isome ric match 
is obtained . Rodriques and Besnoy ( 1 9 80 )  concluded that 
there is l ittle agreement about the des i rabl e  approximat ion 
to isome rism between scientists and industrial colorists . 
The main areas of agre ement are : " The spectral curves of 
metamers mus t  have at least three cros sovers , one in e ach 
area of maximum response of cone s "  and " Any color match 
is metameric if its pigmentation differs from that of the 
standard " .  The Inter-Society Color Counci l  Committee on 
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Indices of Metarnerism col lects all observations , with the 
goal of resolving the technical questions of an i deal 
color match . 
3 . 8 .  The ge ome t ri c  a t t r i b u t e  o f  obj e c t  appearance 
Whe reas color is an attribute of ob j ect appearance , that 
can be assessed under different condit ions of il lumination , 
there are other attributes of ob j ect appe arance such as 
gloss ( for opaque obj ects ) or haze ( for transparant obj ec ts ) . 
These attributes are very dependent of the spati al distri­
but ion o f  the incident ligh t .  We call these geometrical 
attributes of appearance . Gloss , for instance is an attri­
bute of surfaces that causes them to have a shiny or 
lustrous appearance . Our perception of geometric attributes 
doe s not have the tridimens ional l imitation of our color 
percept ion . It is not pos s ible to produce an equivalent 
gl oss stimulus synthetically . To formulate a geometric 
s cale of gloss , a number of specimens are ranked visually 
and correl ated with measurements under different conditions . 
A variety of geometric s cales has evolved , e ach to mee t  
unique appl ication requirements (Hunter , 1 9 7 5 ) . 
In this proj ect we have not measured the geometric attri­
butes of the skin surfac e .  
3 . 9 .  The ide�ti fi ca t i o n  o f  chroma t i c  and ge ome t ri c  app e ar­
ance 
The methods to quantify appearance may be separated into 
three dif ferent kinds i . e .  visual color or gloss identifi­
cation , psychophysical evaluation and phys ical measurement 
of color and glos s . 
4 7  
3 . 9 . 1 .  The vi s u a l  i de n t i fi ca ti on o f  co l o r  
Several methods t o  visually identi fy colors by means of 
comparing them to a standard set of colors have been 
deve loped (Hunter , 1 9 7 5 ) . For some of the se methods the 
colors of the standard comparison set have been expres sed 
in terms of the CIE sys tem of color specificat ion ( see 
3 . 7 . 1 . ) . Two of these methods are discussed in this chapter .  
3 . 9 . 1 . 1 .  Co lor i de n ti fi cation b y  co Z Ze c ti ons o f  co l o r e d  
chip s . 
A number of diffe rent sys tems are used for the arrange­
ment and identifi cation of the chips of these col lections . 
Only the !·lunsell sys tem is di s cus sed in this chapter . The 
sys tem has five primary hues : red , yel low , green , blue and 
purp le and five intermediate hues . All these ten hues are 
subdivided according to value ( lightnes s )  and chroma 
( s aturation ) .  The 3 quantities form the three dimens ions 
of the system. 
The Muns ell chips do not include all the theoretical ly 
conceivable colors . A complete des ignation of color in 
Munsell terms is given as hue/value/chroma . Sproull ( 1 9 7 3 )  
described this system in the dental literature . 
Munsell color des i gnat ions are achieved by visual compa­
risons in a disk colorimeter or by visual comp arison alone . 
Nickerson ( 1 9 6 9 )  has documented the historical development 
of the Munsell system and des ignated all chips with colori­
metric specificat ions by X ,  Y ,  Z values for a speci fied 
illuminant . The evaluations by the eye are s ubj ective , 
variable with changes in viewing condit ions and variable 
from observer to ob serve r .  
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3 . 9 . 1 . 2 . Co l or iden t i fi ca ti on by a s ub trac t i v e  co l o r  
mixture . 
Subtractive colorimeters provide a comparison f ield 
whose color is control led by introducing three filters into 
a s ingle beam illuminating the field.  The luminan ce of the 
comparison field can be contro l led independently . Each o f  
the three fil ters subtracts a certain fract ion o f  e ach 
part of the spectrum . The Lovibond-tintometer is such an 
instrument .  
Subtractive combination of one unit of each o f  the red , 
yel low and blue s ca les results in a fi lter perce ived as 
nearly neut ral .  The calib rations of the Lovibond glasses 
are carried out by the maker with such precis ion that any 
errors remaining cannot be detected by an observer (Judd , 
1 9 7 5 ) . 
Conversion graphs have been prepared from whi ch the CIE 
spe c i f i cation (Y , x ,  y) can be ob tained eas ily . Haupt et 
al . ( 19 7 2 )  have converted the data o f  the Lovibond color 
system to three colorimetric coordinate sys tems : the CIE 
1 9 30 ( x ,  y} di agram , the CIE 1 9 6 0  ( u ,  v )  diagram and the 
CIE 1 9 6 4  (U* , V* , W* ) system for both CIE standard i l lumi­
nant A and C. All these data correspond to the 2° f ield of 
vis ion . 
3 . 9 . 2 .  Ins trumen t a l  i de n ti fi c a t i o n  o f  co l o r  
The color measuring inst ruments are used because o f  
the ir marked abi lity to measure and record i n  a quant ita­
t ive way . These instruments differ from each other main ly 
in the type of evaluation device and the method of spectral 
selection . Two maj or classes of instruments are : tristimu­
lus colorimeters and spectrophotometers . 
3 . 9 . 2 . 1 .  Tri s timu l us co l o rime t r i c  ins t rumen ts 
The principle of this type of photoelectric instrument 
has three photocells  with spectral sens it ivity curves that 
are l inear comb inations of the spectral tristimulus func-
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tions of the CIE st andard ob serve r (x ( A ) , y ( A ) , Z ( A ) ) 
respective ly . The photocurrents are then proportional to 
the CIE tristimulus values x ,  Y ,  Z .  By comparison of the 
photocurrents meas ured from the s ample with those measured 
from a standard white s ample ,  both s amp les i l luminated 
with a CIE standard light source (often C or D 6 5 0 0 )  , 
convers ion in the CIE (Y , x ,  y) coordinate system for 
obj ect colors can be achieved . 
Many ins t ruments have been deve loped in the past 
(Bil lmeyer,  et al . ,  1 9 6 6 ;  Hunter , 1 9 7 6 ) . However ,  according 
to the view of Bil lmeyer ( 1 9 6 6 )  a common and s erious de fect 
of colorimeters i s  the fact that with existing s ource s , 
filters and detectors it is very di fficult to make the 
spectral characteristics of different colorimeters exactly 
alike . For this reason readings of trist imulus colorimeters 
should never be considered to have any absolute s i gn i f  i­
cance . The accuracy of different colorimeters re ferenced 
to a General Electric spectrophotometer was determined by 
Bil lmeyer ( 19 7 4 ) . He showed color di f ferences with a mean 
of 2 . 6  Mac Adam units ( FMC- 2 ) . 
Nevertheless tris timulus instruments provide a cheap and 
sens itive method for detecting and measuring smal l  diffe­
rences in colo r .  Th is di f ferential meas urement is high ly 
reproducible from one properly adj us ted colorimeter to 
another (Bil lmeyer , 1 9 6 2 ) . Calibration for a color near 
the color of interest is needed . 
3 . 9 . 2 . 2 .  Spe ct roph o tome t ri c  ins trume n t  (ph y s i c a l  e v a l ua t i o n )  
In contrast t o  a colorimeter a spectrophotometer me asures 
the reflectance or transmittance factors at many wave lengths 
referenced to a s tandard . The output of s uch an instrument 
is a spectral reflectance or transmittance curve . From 
thes e  curves combined with the spectral energy distribution 
of a ( s tandard) illuminant , the color , expressed in Y ,  x ,  
y or L* , u* , v* can be computed . 
so 
The spectral information can be used for color 
appearance analys is , recipes for color reproduct ion , 
chemi cal analy s i s  and ingredient identi fication . 
The se lect ivity of wavelength isolat ion varies con­
siderab ly among spectrophotometers . The most selective 
instruments are used in chemical analy s i s . For color 
measurement sometimes an abridged spe ct rophotometer is 
used , in whi ch s pectra tran smittance or reflectance is 
determined for a se lected set of dis crete wavelengths . 
Spectrophotometry is the only practical way to obtain 
trist imulus values which are not dependent on calibrated 
co lor standards and show no metamerism. The accuracy of 
different spectrophotometers compared with the General 
E lectric Spectrophotometer has been determined by 
Billmeyer ( 19 7 4 )  an d resulted in the s ame order of s t andard 
error as the accuracy of tristimulus colorimeters . 
3 . 9 . 3 . Ins t ruments fo r t h e  ge ome tric attribute  o f  obj e c t  
app e arance 
The ins truments measure the attributes associated with 
the capacities of surfaces to remit incident light in 
di f ferent dire ctions . Several types of inst ruments are 
used for measuring these geometric attributes , two of them 
will  be mentioned here . 
- Goni opho t ome t e rs measure the amounts of light reflected 
or transmitted at all angles at spe c i f ic directions of 
incidence . They provide physical data related to the 
ob j e ct properties respons ib le for geometric attributes . 
Goniophotometers are also used to s e lect the best f ixed­
angle conditions for measurement of glos s , texture , 
luster , transparency , haze and other s imple geomet ric 
appearance attributes of specimens . 
- Spe cu l ar g l os s me t e rs measure specular surface reflection . 
The spe cular angle of view is always oppos ite to the 
angle of incidence.  The specif ications for any glos s 
measurement mus t  involve the specular angles and field 
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0 an alyses , for example cal led for by the 6 0  method of 
AS�M 052 3 .  This specification is used for the clas s ifi­
cation of paints or plastics ( Hunter , 1 9 75 ) . It is often 
di fficult to ins trumenta l ly measure obj ect prope rties , 
that predict its geometrical attributes o f  appearan ce , 
especially i f  the resulting light distributions on a 
surface has such fine spatial structure that a h igh 
res olving power of ref lectance meas uring ins truments i s  
required . Also perception of geometric attributes i s  
multivariate and not tridimens ional as color perception 
is . Modern glos smeters are abridged applicab le only . 
3 . 9 . 4 .  Ref Z e a t i on s tandards an d s t an dardi z at i on 
Standards provide the permanent bases agains t which 
appearance attributes are measured . The accuracy and 
precision of meas urement depend directly upon the accuracy 
and pre cis ion of the standards being used and on the 
condition and cleanness of these standards (Hunter , 1 9 7 5 ; 
Carter ,  Billmeye r ,  1 9 79 ) . 
The standards are classed as primary-standard , t rans fer­
standard and working-standard . 
A primary standard is a standard to which a value is 
as s i gned by an agreed convention . Such a standard may be 
a theoretical concept only , not real i z ab le in practice . 
A primary standard of reflectance factor (CIE)  is the 
perfect reflecting dif fuser which re flects 1 0 0 %  of the 
incident light on it in such a way , that the luminance o f  
the diffuser i s  the s ame in a l l  directions i n  which the 
light is re flected . 
A transfer standard is a material s tandard which has 
been calibrated by a recogn i z ing s tandardi z in g  laboratory 
in terms of an accepted primary standard . It can be used 
to " t rans fer" a calib ration from one ins trument to another .  
Two o f  the many sui tab le materials for tran s fe r  standards 
refe rred to in re flection meas urements are the barium 
sul fate tab let for di f fuse measurements (ASTM method E- 3 0 6 )  
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and the polished b l ack glass mirror for specular ins truments 
(ASTM method D- 2 4 5 7 ) . 
A working s t andard i s  used with a particul ar inst rument 
only , for us e in maintaining the calibration of the in­
strument . 
Other factors a f fe cting the val idity o f  color data are 
instrument- related such as accuracy and stab ility of the 
photometric scale , wavelength s cale or the f i l ter prope rties 
( Robert s on ,  1 9 6 5 ) . Als o  the s ample has to be stab le over a 
pe riod of me asurement . The precis ion of one instrument over 
a period of t ime i s  also a factor of concern . Thi s  was in­
vestigated by Billmeye r ( 1 9 7 4 )  and He inrich ( 1 9 7 6 ) . Short 
term ins t ab i l ity within some days produced a mean color 
diffe rence of 0 . 2- 0 . 4  Mac Adam units (FMC- 2 ) . Long term 
ins t ab ility was inves tigated by Luckacz ( 19 7 3 )  and Heinrich 
( 1 9 7 6 ) . The ir investigations over two t i l l  s ix months showed 
that the stab i lity of a spe ctrophotometer (Hardy ) as well 
as a tris timulus colorimeter did not exceed a s t andard 
error of 0 . 2  in X ,  Y ,  Z .  
3 . 1 0 .  Se l e c ti o n  of t h e  me t h o d  
It i s  a fami liar fact that our eyes are sen s itive to 
very sma ll differences in the inten s i ties of l i ghts over an 
enormous range of intens ities . However , the memory ab i l ity 
of the eye-brain organ is l imited . A measurement instrument 
may be cons idered to be an expedient for the eye-brain organ . 
For the determination of the color dif ference of two obj ects 
or of one ob j ect at two succes sive events , we have chosen 
out of two types of inst ruments ,  the spectrophotome ter and 
the colorimete r .  The spe ctrophotometer determines the 
physi cal measurement of the dist ribution of l ight of an 
ob j e ct ( 3 . 9 . 2 . 2 . ) . The colorimeter determines the psycho­
phy s ical ana ly s i s , which s imul ates the operation of the 
eye and brain in j udgements of appearance ( 3 . 9 . 2 . 1 . ) .  Thi s  
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l atte r method provide s  a cheape r and sens it ive method and 
particular inst ruments are equipped with fibre optics . 
We se lected two colorimetric instruments : the Lovibond 
Tintometer MK I I I  an d the Photovoltmeter . Both instruments 
were te s ted.  The photovoltmeter was unsuitab le because of 
instable color fi lters . The Lovibond sys tem permits the 
app li cation of the color dif ference measurement on the skin 
of the facial are a .  The measuring head is small enough to 
prevent bulging of the skin into the measur ing head . This 
bulging may disturb the s t andardi z ed condit ions ( 3 . 7 . 4 . ) .  
The pre fe rred an d adapted method i s  to be described in 
chapter 5 .  The Lovibond sub tractive co lorimeter h as the 
l imit ations of being app l icab le in measurements of color 
diffe rence only . The error of measurement of the instrument 
and the obs erver has to be ve rified . 
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CHAPTER 4 
THE APPEARANCE OF THE FACIAL SKIN 
4 . 1 .  A b s tract 
The appe aran ce o f  the human s ki n  is de t e rmined l arge ly 
by t h e  t rans fe r  of op ti ca l radi a t i on . The h uman s kin i s  
a comp le x ,  dy n ami c an d mu lti l ay er e d  organ . Wi thin any o f  
t h e  lay e rs of t h e  s k i n  t h e  i n c i de n t  radi a t i o n, i f  no t r e ­
t u rn e d  by s p e cu l a r  r e f l e c t i on, i s  ab s o rb e d  or s ca t t e re d .  
There a r e  s p e ci fi c  ch romoph o r e s  vi z .  me lanin , h e mog l ob i n ,  
caro t e ne an d b i l i r ub i n . Me lanin i s  confi n e d  t o  t h e  e p i de r­
mi s ,  whe reas caro tene i s  pre s e n t  in t h e  s t ratum corneum and 
fa t l ay e r .  The tw o fo rms of h e mo g l o b i n  are confined t o  
b l o odve s s e ls i n  t h e  de rmi s ,  and b i lirubin i s  s i tu a t e d  in 
t h e  de rmis as we l l .  
The conc e n t r a t i o n  an d di s trib u tion o f  t h e  chr omop h o r e s  
de t e rmi n e s  t h e  ab s o rp t i o n  coeffi ci en t .  T h e  concent ra t i on o f  
me lanin an d h e mo g l ob i n  may c h ange rap i d l y ,  w h i c h  caus e s  
ch ange s in t h e  ab s o rp t i o n  c o e ffi ci e n t .  S cat t e ring i s  o f  
maj or imp or tance in t h e  dermi s . This large ly i n fl uences  
the  dep t h  o f  pp t i ca l  pene t ra ti o n . The  vari a t i o n  in t h e  
app e aran ce o f  t h e  s kin i s  influenced by anatomi ca l ,  p h o t o ­
b i o  l o g i c a l ,  phy s i o l o gi c a l  an d h o rmon a l  factors . 
A continuo us co l o r  ma t c h  b e tw e e n  t h e  comp le x, variab l e  
me dium o f  t h e  s kin a n d  a pro s the s i s  i s  pro b ab ly n o t  
a t tainab le . Se l f- adap ting co l o r  matching i s  n o t  avai lab l e  
y e t .  Th e re fo re pro s t h e t i c  ma t e ri a l  s h o u l d  po s s e s s  an abs orp­
t i on c o e ffi ci e n t  an d a s cat t e ring c o e ffi ci en t . The mat e ri a l  
s h o u l d  h a v e  t h e  s ame s p e c t ro p h o tome t r i c  curve as t h o s e o f  
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t h e  s ki n .  Thi s  w i l l  re s u l t in an optimal  co l or match b e tw e e n  
a fa ci a l  pros t h e s i s  an d t h e  s k in at o n e  momen t o f  t ime on ly . 
4 . 2 .  In t ro du c t i on 
The appearance of an ob j ect is def ined as the aspect of 
vis ual experien ce by whi ch things are recognized (Hunter , 
1 9 7 5 ) . This vis ual identification of appearance can be 
divided into color properties and geometrical properties . 
The geometrical properties can be summarized as gloss , 
turb i dity an d texture . 
The appearance of a human skin , especially the color 
prope rties , has a conti nuously varying character . Descrip� 
tion of it is pos s ib le , by cons ide ring the appearance o f  
the skin from two aspe cts (Quevedo , 1 9 7 4 ) . One aspect is the 
cons titutive appearance , the second the facultative appear­
ance . The latter cons ists of the complex interplay of the 
external factor l ight and internal factors such as hormones 
an d othe r physiological processes . A brief description o f  
i t s  morphology i s  required t o  understand the opt ical radia­
tion tran s fer in the skin and the consequences for its 
appearance . 
4 . 3 .  The con s t i tutive  morpho l ogy of t h e  s k in 
The skin is composed of two layers of distinctive 
s tructure , properties and ernb ryologic origin ( Gray , 1 9 8 0 ) . 
The outer laye r ,  epidermis , is an epithelial l ayer whi ch 
covers the dermis . The dermis is a connective tissue l ayer 
of mesenchymal origin . Underneath the dermis l ies a l aye r 
of loose irregul ar connective tis sue , the superfic ial fascia 
wh i ch in turn is bound to the underlying tissues by a dense 
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Figure 4 . 1  
A diagrammati c s ch eme s h owing t h e  s t ru c t ure o f  t h e  s k in . 
A = e p i de rmi s ;  B = de rmi s ;  C = cutan e o us fa t ;  D = s e b ac e o us 
g L an ds in as s o ci at i o n  wi th a h a i r  fo L L i c L e ;  E = arre c t o r  
p i Li mus c ie ;  F = s w e a t  g Lands ; G = s up e rfi c i a i  n e rve p L exus ; 
H = deep n e rv e ·  p L e xus ; K = duct o f  s w e a t  g L and; L = cutane ­
ous v e s s e is . (Adap t e d  from Gray ' s  Anatomy , 1 9 70 ) . 
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To un de rstand the penetration of light in the skin a 
des cription of the anatomy of the various skin layers is 
required.  
4 . 3 . 1 .  T h e  s urface of t h e  s k i n  
The surface of the epidermis is characteri zed b y  various 
furrows , ridges , endings of the hairfol li cles and sebaceous­
and sweat glands . The skin has a network of l inear furrows , 
the tens ion lines . The lines divi de the surface in a l arge 
numb er of polygonal are as . They corre spond with the co lla­
genous bundles of the reticular layer in the dermis (Gray , 
1 9 80 ; Zel ickson , 19 6 7 ) . On the palme r surface of the hands 
and the soles of the feet papil l ary ridges are visibl e .  
All of the other surface markings are individually different . 
The pre cise pos itions are re lated to the arrangement and 
s i z e  of underly ing dermal papil lae ( Zelickson , 1 9 6 7 ) . The 
profi lometry of the skin has been reviewed by Cook ( 1 9 80 ) . 
The thi ckness of the skin varie s from one body region to 
another .  Most of this variation is accounted fo r by diffe­
rence s in the thicknes s of the dermis . The epidermis is 
relative ly uni form in th i cknes s except in the palms and the 
soles (Ebling , 1 9 7 9 ) . 
4 . 3 . 2 .  The ana t omy of t h e  s k i n  
The epidermis is a strati f ied squamous epithel ium . It is 
compos ed of t i ghtly packed cells , called keratino cytes . 
These cells cont inual ly migrate from the bas al layer toward 
the surface .  In th is process they fl atten and form several 
separate layers . 
The o u t e r  lay e r  is the stratum corneum which is composed 
of ten to twenty single- cell layers of dens ely packed 
flattened dead ke ratinocytes . This layer is rich in kerato­
protein and contains in addition lipids , melan in granules 
and carotene . It has a th i ckness of 8- 1 5  µm. Beneath the 
stratum corneum is the stratum granulosum , which is composed 
of two to four cell layers with a total thickness of 3 µ m .  
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In these ce l ls ke ratohy alin granules are formed , averaging 
1 0 0  to 2 0 0  nm . Be low thi s  layer is the stratum Malpighi i ,  
which is composed of ten to twenty layers of keratinocytes , 
with a thi ckness of 50- 1 5 0  µm . 
The b as a l  l ay e r  of the epidermis is a s ingle cell layer 
of columnar bas al cells wh i ch divide , to produce the 
keratinocy tes of the stratum Malpighii . Mel anocytes are 
als o p res ent in th is layer , producing melanin granules 
whi ch are trans ferred into the keratinocytes . This layer has 
a typical thickness of 5 - 1 0  µm ( Ze li ckson , 1 9 6 7 ;  Parrish 
et al . ,  1 9 7 8 ) . Thus the total th i cknes s of the epidermis 
amounts to 1 0 0 - 2 0 0  µ m .  
The ultra structural dimens ions o f  most of the important 
ce llular cons tituents of the epidermis ranges from 7 nm for 
the filaments of ker atin up to 7 µm x 2 µm for the mitochon­
driae ( Ze lickson , 1 9 6 7 ) . In the basal cel l ,  me lan in can be 
seen , frequently in the fo rm of me lanosome complexes , wh ich 
are limited by a memb rane and contain a finely particul ated 
mat rix.  The me lan in part i c les appear as dense ovoid-shaped 
bodies , the length of whi ch varies from 0 . 4  to 1 . 0  µm and 
the width from 0 . 1 to 0 . 5  µm. In the stratum granulosum and 
stratum corneum the me l anosomes are rarely seen . Only in 
heavily pigmented whi te s-kin and negro skin melan in is 
p resent within the stratum Malpighi i ,  stratum granulosum 
and sometimes even the stratum corneum . 
The de rmis is a layer o f  fibrous connective tissue . It 
cons i s ts of a thin superfi cial , pap i ll ary l ayer and a thick 
deep reticular laye r with a total thickness of 1- 4 mm 
(Parrish , 1 9 79 ) . The papillary layer i s  composed o f  widely 
separated , col lagenous bundels , reti culum and elas tin 
fibers and of a capil l ary network . The reticular laye r i s  
composed of s trong branching collagenous fibre bundels . 
Mos t  of them are oriented paral lel to the surface , with 
only some perpendicular to i t .  The wide intervals are 
occupied by adipose tis sue and sweat glands ( Gray , 1 9 8 0 ) . 
The diameter of the co llagen and e lastin fibers range from 
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1 5- 1 4 0  nm with a length of 1 to 1 5  µm.  In the adult dermis 
seve ral hundreds of these col l agen fibers are tightly bound 
together in the col l agenous fiber bundels . The fibers are 
embedded in a ground substan ce of water (bound to hyaluronic 
ac id) and mucopolys acch arides ( Ze l icks on , 1 9 6 7 ) . The 
hya luronic acid mo lecule has a cubal form with a length of 
0 . 3  nm . The cappi laries and arterio-venous anastomoses in 
the papil l ary layer have a diameter of 1 5  µm. They have 
general ly no muscle coat ( Ryan , 1 9 7 3 ) . 
The inte rface be tween the epidermi s and dermis is marked 
by ri dge-groove interdigitations . Epidermal cones and ridges 
of di fferent s i zes , proj e ct into the dermis enclos ing be­
tween them high ly vas cular dermal papil lae . The regional 
differences in the arch itec ture of the epidermal ridges and 
pap i l lae are re lated to the arrangement of hairs and glands 
( Gray , 1 9 8 0 ) . 
Below the dermis is s ituated the subcutaneous fat with 
the lipophilic ch romophore s -carotene concentrated in it . 
This chromophore is sometimes also found in the st ratum 
corneum (Edwards , Finke lstein , 1 9 5 1 ) . 
4 . 3. 3. The b l o o d  v e s s e ls of t h e  s kin 
The arteries from the deep plexus enter , through the sub­
cutaneous adipose tissue , the deeper layer of the dermis . An 
artery of about 1 0 0  µm in diameter has a lining of endo­
the lial cells  whi ch lie on a re latively thick e lastic 
memb rane . The arteries divide once or twice as they pass 
through the lower dermis and the ir branches run vert ically 
unti l  they reach the mid- dermis where they divide again . 
In the mid-dermis they are about 50 µm in diamete r .  The 
repe ated sub divi s ion of the arteries in arterioles and 
capil laries reduce the diameters of the vessels to 1 5  µm 
by the time they reach the upper dermis . Further bran ching 
of the ve ssels gives rise to a network of hori zontal 
capil laries lying paral l e l  to the surf ace in which sometimes 
a superficial and a deep horizontal sub-papill ary p lexus 
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can be re cogni zed ( Ryan , 1 9 7 3 ) . 
Above the sub-papi llary p le xus are the terminal 
cap il l aries (vertical loop ) which supply the papillae of 
the derma l-epidermal j un ction . These terminal capil laries 
drain into the hori zontal sub-papi ll ary venous plexus . 
The number of cap i l laries supplying the skin has been 
counted by many authors ( Ry an , 1 9 7 3 ) . I t  is noted that the re 
are great interpersonal and inter-regional differences . The 
regional differences in den s i ty of cap i l l ary loops per sq . 
mm of sk in surface vary for the outers ide of the fore arm 
2 2 ( 4 2  per mm ) and for the face ( 1 5 0  capil lary loops per mm ) . 
The th i ckne s s  of the epidermi s may vary due to change in 
the vascul ar pattern . This interaction is described as the 
Hautangion or epidermal capi llary unit . 
Consequent ly : the contribution o f  the number o f  capil l aries 
and the thickness of the epithel ium to the facial skin color 
is important . 
4 . 3 . 4 .  The inne rva tion of t h e  s ki n  
The skin i s  rich ly innervated b y  fibers of the cerebro­
spinal and anatomic nerves an d vi a non-myelinated e fferent 
anatomic fibers supplying b lood vessels , sweat gl ands and 
smooth muscle fibers as so ciated with the hairs . 
4 . 4 .  The facu l t a ti v e  morph o l ogy of t h e  s k i n  
The skin appearance may change due to photob iological , 
phys iological and hormonal inf luences . The facial skin 
color is influenced by photob iological and phys io logical 
factors and may change due to inflammation reaction and by 
age ing of the skin.  These e f fects will be des cribed and 
summari z ed in +ab le 4 . 1 .  
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4 . 4 . 1 .  Pho tob i o Z o g i ca Z fa c tor 
The e lectromagnetic spectrum with wave length of 2 9 0 - 4 0 0  
nm of terrestrial sunlight , striking the human skin , may 
cause a reaction of the skin . The biological effects of UV 
radiation res ult from a comp lex sequence o f  biochemical 
reactions and ce llular respons es . Some may be dis tant from 
the s ite of absorpt ion . The skin ' s  response to UV exposure 
is characte ri z ed by changes in bl oodflow , change s in ce l l  
kinetics an d pigment production , and i s  in general a 
reparat ive and protective reaction . This reaction is 
ch aracterized by an immediate and delayed erythema and an 
immediate and de layed tanning . 
Erythema cons ists of vas odil atation and increased quanti­
ties of blood in the dermis , and can be caused by direct or 
indirect factors (Johnson and Dan iels , 1 9 6 9 ) . Synthesis of 
melan in s t arts immediately by darkening of the bleached 
melanin or between 2 and 19 days after exposure of wave­
lengths of 2 9 0 - 3 2 0  nm . The threshold dose of UV-l ight varies 
cons iderab ly from one sub j ect to another and lies somewhere 
aroun d 1 . 0  rnJ/mm2 for monochromatic 3 0 0  nm light (Magnus , 
1 9 7 6 ) . 
Melanogenes is is under comp lex genetic hormonal contro l ,  
and is inf luenced by other phys iological and pathological 
factors ( Riley , 1 9 7 4 ) . On comparing one skin site with 
anothe r in persons of di f ferent race , no statistically 
s igni f icant dif fe rences in the number of epidermal mel ano­
cytes was found by Fit zpatri ck and coworkers ( 1 9 79 ) . 
Differences in the amount of melan in depend mostly on the 
se cretory activity and the s i z e  and distribution pattern of 
the me lanocytes . The melanob l as ts are most numerous in the 
skin of the head and the neck where about 2 0 0 0 - 4 0 0 0  per mm2 
of surface epidermis have been found . The lowest popul at ion 
den s i ty has been found in the skin of the th igh and the arm , 
about 1 0 0 0  per mm2 on an average ( S zabo , 1 9 5 4 ;  Bleehen et 
al . I 1 9 7 9 )  • 
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Tab l e  4 . 1 .  Re lat ion b etween caus al factors and skin response , which 
result in a change of appearance of the skin . 
internal- skin epidermis arterio-venous plexus f luid 
external response ep ithel i al melanin hemoglob in vascu- content 
factors ' 
- thicknes s pigment o2-d�s socia- l ature of the t ion dermis 
UV i rradiation + ++ ++ 
temperature + ++ 
hormonal + + 
emot ional ++ 
mechanical ++ + 
inf lammat ion ++ + 
ageing + (+ ) 
Incre ased pigmentation can also be due to endocrine causes 
such as occur in pregnancy , me lasma and Addison ' s  disease 
( Bleehen and Eb ling , 1 9 79 ) . 
4 . 4 . 2 .  Phy s i o l ogi c a l  in fluences on s kin co l o r  
Man can only tolerate a variation o f  about 4° C in his 
own deep body tempe rature wi thout impairment of phys ical 
and mental work capacity . Thermoregu lation is necess ary to 
protect the body tissues against overheating and cool in g .  
The body attempts t o  maintain a temperature equilibrium by 
me tabolic heatproduction , radiant heat exchange , convective 
heat exchange an d evaporative he at loss . A storage in the 
fat layer and fluid retention is present in the body , if  
the body temperature varies (�s trand , 1 9 7 7 ) . 
The b lood as a transport mechanism of the produced ener­
gy is cooled or ins ulated at the peripheries of the capil lary 
loops by the arterio-venous shunts ( Ryan , 1 9 7 3 ) . In a hot 
envi ronment the setpoint of the temperature regulating 
center in the hypothalamus is lowered and the subj ect 
expe riences a vasodilatation in the skin and perhaps activa-
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tion of the sweat gl ands (�strand , 1 9 7 7 )  . During cold 
weather the setpoint be comes e levated and a local vasocon­
striction and a drop in skin temperature reduce radiation 
an d convection (�stran d ,  1 9 7 7 ) . 
Swe ating and di latation of skin b lood ves sels may not 
occur simultaneous ly . Swe at production may cause a vaso­
di latation , alternatively at high evaporative sweat rates 
the skin may cool , resulting in vasoconstriction and reduced 
blood flow (�strand , 1 9 7 7 ) . 
Two distinct kinds of the rmoreceptors have been identi­
fied in hairy and glab rous skin of man . Such re ceptors show 
a ste ady dis charge dependent on tempe rature . Each different 
fiber is connected with a few receptive spots with a 
diame ter in hairy skin of less than 1 mm ( I ggo et al . ,  
1 9 7 5 ) . Cold re ceptors are active if the skin temperature is 
lower than about 30 ° C .  Heat receptors are active above 4 0° 
C .  In between 30 °- 4 0° C both receptors are active . These 
sympathetic fibers determine both the degree o f  vasodilata­
tion or the degree of vas ocons tri ction of arterio les and 
ve ins . 
The color of the skin , in addition to the thermoregulatory 
sys tem and sympathe tic arteriolar control mechanism is 
affected by numerous oth e r  factors , for example : cooling of 
the skin an d local i zed ery thematous eruptions . 
Coo ling t h e  s ki n ,  noise , cutaneous pains , chemical or me­
chan ical stimulation of in ternal organs , fo rced deep inspi­
ration or exp iration and inhalation of tob acco smoke or 
carbon dioxide , for example , caus e vasoconstriction of the 
vess e l s  of the sk in ( Ryan , 1 9 7 3 ) . The adrenal medul l ae 
potenti ate the neural peripheral vas cular ref lexes at t imes 
of stress , during exercise or in hypoglyceamic states . 
Furthermore the releas e of adrenaline and nor- adrenaline 
has a vasoconstrictive e ffect ( Ryan , 1 9 7 3 ) . The extreme 
reactions to cold are accompan ied by variation in skin color 
( Ryan , 1 9 7 3 ) . 
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L o c a li z e d  e ry t he matous erupt ions are caused by trauma , 
he at , chemi cal irritan ts , l ight or col d .  Erythema i s  due to 
an increase of b lood within the small ves sels of the skin . 
The distribution is at times quite b i zarre . F l u s h ing o f  the 
skin , usually the face , is a special type of transien t  
erythema . B lushing i s  a form of flushing caused b y  emot ional 
factors and influenced by autonomic or endocrine activity 
changes or by direct action of vasoactive chemicals in the 
b lood ve ssels in the dermis . 
4 . 4 . 3 . Ageing of t h e  s k i n  
Every phys iological period of time i s  as sociated with 
changes in response o f  the structure and function of the 
skin , to varying endogenous or environmental st imul i .  Most 
of the skin changes during a l i fe cycle are discus s ed by 
Jarrett ( 1 9 7 4 )  and Rook ( 1 9 79 ) . In this chapter the changes 
of the skin due to seni lity are discussed.  The changes 
present in the skin of the aged individual must be con­
s ide red as the product of the ir genet ically determined 
vulne rab i l ity and the external and systemic f actors to 
which it has been exposed throughout l i fe ( Comfort , 1 9 6 4 ) . 
The change in appearance is the re sul t o f  changes in the 
epidermis and dermis e . g ;  a flattening of the ep idermis 
with local i z ed hyperkeratos is ( solar or senile keratos i s )  
and a diffus e  reducti on i n  the density of hair fo llicles . 
With age ing there i s  a progres s ive reduction in the number 
of dopa-po s i t ive me lanocytes in exposed and unexposed skin 
(Fitzpatrick , 1 9 6 5 ) . In 5 0 %  of the individuals older than 
45 years a patchy form of increased pi gmentation occurs due 
to proli feration of melanocytes at the dermal-epidermal 
j unction . 
With age the e last i city in the dermis change s .  Coll agen 
becomes s t i f fer and less e lastic with age , as a result of 
in creased cros s-linkage between collagen mo lecules (Montagna 
and Carli s l e , 1 9 79 ) . 
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A reduction in the number of sweat glands and a reduced 
output per gl and ,  is often seen in old age . Reduction o f  
hormonal facto rs influence their sens itiv ity to adrenergic 
agents . Localized vas cular dilatat ions are present due to loss 
of e lastin in the blood vessels . This histological change in 
the epidermis and dermis results in a yellow dis coloration 
of the skin (Jarrett , 1 9 7 4 ;  Rook , 1 9 7 9 ) . Additional factors 
are loss of vas cul ature , the accumulat ion of metabol i c  pro­
ducts and l ipogenes is . 
4 . 4 . 4 . InfZ amma t i on of t h e  s kin 
The s i gns of an in flammation are erythema , swe l l ing 
(edema ) , heat , itching and pain respective ly . Redness is 
determined by the amount of red cells  or of haemo glob in in 
the skin . The superficial dermal ve ssels are di lated and the 
flow is decre ased . Depending upon the intens ity and form o f  
the in fl ammatory changes the rednes s may also result from 
stas is and conges tion without increased flow of blood 
(Parish and Ryan , 1 9 7 9 ) . Thi s partial stas is increases the 
opportunities for leucocytes to emigrate from the ves sels 
( Ryan , 1 9 7 3 ) . A rapid swe l ling is due to oedema , by the in­
crease d leakage of water , mineral salts and p lasma p roteins 
from the blood vesse ls . This proces s may be fol lowed by the 
in filtration of leucocytes . This is fol lowed by neutrophi ls , 
macrophages and lymphocytes at a later stage . In the presen­
ce of edema the chromophore b i l i rubin bound to serum 
albumin may increasingly be present in the connective 
tis sue (extra-vas cular) (Bal lowi tz et al . ,  1 9  7 0 ; Hanneman 
et al . ,  1 9 7 8 ) . 
The skin temperature may rise as a direct resul t of a 
local in cre ase in metabolic rate . Heat loss cannot be 
corre lated with rednes s ,  because areas of fast blood flow 
in the capil laries may be on the borde r of a more congested 
and s l ow- flowing system ( Parish et al . ,  1 9 7 9 ) . 
The close phys iological interdependence between epidermis 
and dermis and between the skin and changes in the b lood 
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ve ssels result in ch anges of the epidermis man i fe sted by 
hype rp l as i a ,  ce l l  swelling ( vacuolation ) and coagul ative 
degene ration ( P arish et al . ,  1 9 79 ) . 
4 . 5 .  The mode s of app e a ranee of t h e  s kin 
The radi ation trans fer o f  l ight in skin is determined by 
the complex structure o f  skin layers and its presence of 
structures such as hair fol licles , sweat glands and seb ace­
ous glands . Radiation trans fer of l ight in skin occurs 
according to four bas i c  principles wh ich are s chematiz ed in 
f igure 4 . 2 .  
incident radiation total reflection 
specul�-





Fi gure 4 . 2  
dermis 
(3mni) 
Sehematic diagram of opti e a i  p a t hway s  in s kin . 
- spe e u i ar an d di ffus e refi e c ti o n  at the boundaries of each 
layer due to dif ferences between them in re fractive index . 
- s e a t t e ri n g  and vo i ume refi e e ti o n , the direction of radia­
tion is altered by particles , fibers , organ e l les and ce lls  
within the lay e r .  
- abs o rp t i on , wh ich may lead to photochemical reactions or 
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diss ipation of the ab sorbed energy via heat production , 
f luore scence or phosphores cen ce . 
- trans mi s s i o n through the layer ( Parrish et al . ,  1 9 7 8 ; 
Ten Bos ch , 19 8 0 ) . 
We have seen in ch apter 3 that the color of the human skin 
is characte ri zed by the reflectance spectrum with wavelengths 
within 4 0 0 - 700 nm . 
4 . 5 . 1 . The cons ti t u t i v e  appe aran ce of the s k in 
Be s ides the pres ence of di f ferent layers in the skin , 
there are chromophore mo lecules which exert a sign if icant 
e ffect on the di f fuse reflectance of the human skin . Studies 
of re flectance spectra in the skin by Edwards and Duntley 
( 1 9 3 9 )  showed di ffus e reflectance minima of the cutaneous 
pigments me lanin , oxy- and reduced hemoglobin ( 5 4 2  and 
5 7 6  nm) and carotenoids (mainly a- carotene ; Amax = 4 8 2  nm) . 
A study by Ballowitz et al . ( 1 9 70 )  has shown that b i lirub in 
( Amax = 4 6 0  nm) may be added to th is l i s t  of chromophore 
molecules within the visib le spectrum . Outs ide th is wave­
length re gion epidermal aromatic aminoacids ( Amax = 2 8 0 nm) 
and water near the infrared absorption bounds ( Kuppenheim , 
1 9 5 2 )  are addit ional ch romophore mo lecules . 
Other particles are present in the skin whi ch cause 
scatterin g .  The degree of s cattering depends upon the s i z e  
of the particle . I f  the s i z e  is 1 / 1 0 0  of the wavelength , 
the amount of scatter ing varies inve rsely with the fourth 
power of the wave length ( Ray leigh s cattering) . A brief 
des c ription is nece ss ary for a good understanding of these 
physical processes . The amount of s cattering is reduced if 
the particle s i z e  is equal to the wave length and is in­
dependent of wave length for large part icles ( Mie scattering ) . 
The inverse re lationship be tween mol ecular and smal l 
part icle scatter ing and wave length creates an effect ively 
shallower depth of penetration for shorter wave lengths than 
for longe r ones . 
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The prob ab i l i ty of a photon being absorbed in a medium 
is proportional to its pathlength . S cattering increases the 
e ffective path length . The penetrat ion of different wave­
lengths depends also upon the presence of optically absorb­
ing pigments (molecules ) .  
Direct or regular re f lectance from the skin s urface is 
due to the differen ce in re fractive index of air and stratum 
corneum (ND = 1 . 5 5 )  an d is only about 4 - 7 %  for perpendicu­
larly incident radiation because of the nonp lanar surface o f  
the skin ( S cheupl e in , 1 9 6 4 ) . 
Diffuse re f le ctance from the skin is largely from within 
the tis sue , the ab sorption maxima of certain skin pigments 
are identi fied as minima in the spectral reflectance o f  the 
skin in vivo . Our perceptions of skin color are l argely 
determined by the concentration and location of skin pig­
ments and the optical interactions between the different 
skin lay ers . 
Seve ral authors have proposed a theoretical model of the 
penetrat ion and re flection of visible radiation in the skin . 
The mos t  importan t  wi l l  now be des cribed in a historical 
sequence . 
Edw ards and Dunt iey (1 9 39 )  assumed that the co lor of the 
skin is de termined by five pigments and an additional opti ­
c a l  e f fe ct e . a . scattering i n  the turbid st ratum mucosum .  
The pigments melanin , me lanoid ,  carotene , reduced haemoglo­
b in and oxyhaemoglob i n  absorb heav i ly in the b lue end o f  
the spectrum . The turb idity of the epidermis causes 
scattering whi ch raises the b lue end of the spectrum . Th is 
optical process prevents the skin from appearing dark red . 
Fin d Lay ( 1 9 7 0 )  studied the apparent paradox whe reby a 
brown pigment appears blue when located in the dermis . He 
demons trated that the epidermis was not invo lved in this 
effect . Increas ing thi cknesses of connective t is sue were 
examined by means of reflect ance spectrophotometry . The 
ob served reflectance spectrum was cons idered a consequence 
of both the wave length dependence absorption and scattering 
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of ligh t  by the tissue s .  Red wavelengths were only s l ightly 
absorbed and s cattered , therefore a re latively greater 
thi cknes s of tis sue is required in an increas ing amount o f  
ref l ected light . Blue wave lengths gives the reversed e ffect . 
The e f fect of radiation on the de rmis in vitro results in 
a dark blue visual color.  With the epidermis replaced on the 
de rmi s ,  the combination appears paler and greener by inten ­
s i fying the di f fus e ref lection on the red s ide of the b lue 
peak . 
A dis cuss ion by Atkins ( 1 9 6 9 )  was presented of a modified 
Kubelka-Munk diffuse flux theory , whi ch is relevant to a 
quantitative theoretical model of the penetration and re­
flection of optical radiation in skin . This quantitative 
model was further worked out by Anderson et al . ( 1 9 79 )  and 
Dawson et al . ( 19 80 ) . 
Ande rs o n  e t  a l . ( 1 9 7 9 )  analysed the transmittance and re­
f lectance spectra ( 3 2 0  nm- 10 0 0  nm) of human dermis and 
epidermis us ing a s imple radi at ion trans fer model . The ir 
findings should be inte rpreted with res ervation be cause 
their use of a coll imated beam was not in accordance with 
the requirements of the Kube lka-Munk flux model .  Results 
from a dermal sample over the spectral region o f  300 nm -
800 nm suggest that scattering may arise primarily from 
structures with a dimension on the order of 1 0 00 � .  
Col lagen fibers have approximately this order o f  diameter . 
The inverse relat ionship between scattering and wavel en gth 
l argely accounts fo r the fact that shorter wave lengths do 
not penetrate the dermis to the s ame extent as do longer 
wave lengths .  The di ffuse-radiation absorpt ion coefficient 
was found to be remarkably flat and sma l l  in comparison with 
the scattering coeffi cient ( s ) . The marked increase of 
absorption coe f fi cient ( K )  in the ultraviolet spectral region 
may be due to many chromophores present in the dermis . 
Daw s o n  e t  a l .  ( 1 9 8 0 )  deve loped a theoretical mode l for 
the opt ical properties of a layered structure whi ch absorbs 
and scatters l ight . Thi s theoretical approach was also based 
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on formulae by Kubelka . The ir s impl i f ied model took account 
of four skin layers : a fibrous protein layer ( s tratum 
corneum) , a me lanin layer , a haemoglobin l ayer and a col l a­
gen fat l ayer .  These layers are assumed to compose o f  l i ght 
absorb ing and scatte ring particles , whose dimens ions are 
much less th an the thickness of the layer . They predict that 
the Logarithm of the Inverse Re flectan ce ( LI R) of the sur­
face ( optical dens ity )  will  be a us eful parameter , to esti­
mate abs orbance . It was found that the LIR spectrum of 
normal skin is domin ated by the summed absorbances of 
haemoglob in and melanin with small contributions from 
fibrous prote in , col lagen and fat . 
4 . 5 . 2 .  The fa cu l t a t i v e  app e aran ce of t h e  s kin 
The quantity of blood in the dermis , particularly the sub­
pap i l lary venous plexus contributes to short term color 
changes in the sk in (Dawson ,  1 9 80 ) . Variation in b lood flow 
and the proportion of oxyhaemoglobin to reduced haemoglob in 
give rise to rapi d  changes in sk in color.  According to Fox 
( 19 6 4 )  there is a weak corre lation between the amount of 
blood present in the skin and the rate of flow through skin 
ves se ls . Fin dlay ( 1 9 7 0 )  stated that the haemoglob in can react 
also as an example of dichroism e . a . the thickness di f feren­
ce of a layer of haemoglob in may cause a change in hue be­
cause of · the change in the concentration of an absorber.  
Variations in  b l ood flow of the subpapillary , blood vessels 
occur in several circums tances . The mos t  import ant are 
dis cussed.  
4 . 5 . 2 . 1 . Co l d  envi ronme n t  
Exp o s ure to  co l d, causes a reduct ion i n  the peripheral 
b lood flow , with a secondary drop in the skin temperature 
( reducing the he at loss by radi ation and convection ) . The 
amount of peripheral b lood flow is reduced and at the s ame 
time in the deepe r cap i ll aries and ve ins increased cRstrand , 
1 9 7 7 ) . This res ults in a re duction of the radiation absorb-
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tion in the green part ( A  = 5 4 0 - 5 7 6  nm) of the spectrum 
be cause of a reduct ion o f  the amount of haemoglobin in the 
peripheral vascular plexus . The degree of scattering changes 
only s l ightly . The change in appe arance impres s ion results 
in a b lanch ing skin . At l ower tempe ratures the o2-dissocia­
tion curve shi fts to the oxygen haemoglobin content of the 
vesse ls . This resu lts in an in creas ing redness of the skin . 
4 . 5 . 2 . 2 .  Hea t  envi ronment 
Exp o s ure of an i n di v i dua l t o  a hot  envi ronme nt causes 
vasodi latation in th e skin and an activation of the sweat 
gl ands . The result is cooling through the evaporation of 
swe at . The appearance changes as a result of an altered 
re fractive index of the wet skin surface , the increased 
amount of haemoglob in in the superficial vascular p lexus 
with in creased spectral radiation absorption in the green 
part of the spectrum . The relat ive increased thicknes s o f  
the haemoglobin layer decreases the penetration of longwave 
spectral radiation to the col lagen and fat l aye r .  This 
increases the amount of s cattering of this layer to some 
extent . The change in the appearance depends upon the 
balance between the degree of decrease in refl ectance in the 
green , as we l l  as in th e red part of the spectrum. 
4 . 5 . 2 . 3 .  Mus c u l ar work 
The increased heat production due to mus cu l ar work is 
released from the body by an increased radiation , convect ion 
and an increased evaporation . Vasodilatation of the peri­
pheral blood vessels occurs and resul ts in an increased 
evaporation . The change in appearance of the skin is com­
parable to the exposure to a hot environment .  A compl icating 
factor is that the increased evaporative rate may cause a 
cooling of the skin , with resulting vasoconstriction . 
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4 . 5 . 2 . 4 .  U l tra-vi o l e t  radi a t i on 
The e rythematous and melanin e f fects on the skin exerted 
by UV-B ( 29 0 - 3 2 0  nm) and UV-A ( 3 2 0 - 4 0 0  nm) has been quantita­
tive ly worked out as the logarithm of the inverse reflectan­
ce or optical dens ity by Anderson et al . ( 1 9 79 )  and Dawson 
et al . ( 19 80 ) . The in vivo absorb ance s pectrum of skin in 
various racial groups differs cons i de rab ly . When the average 
absorbance spectrum of a group of Caucas i an subj ects is 
subtracted from that of a group of negro sub j e cts , the 
diffe rence spectrum is ob tained . This is attributab le to a 
difference in amount of melan in and shows a remarkably 
l inear spectral curve . The erythema index of four groups 
studied were independent of the me lanin content of the skin . 
Short term exposures to UV-B ( delayed erythema ) cause an 
in crease in the ab sorption bands of oxyhaemoglobin ( 4 1 6 , 
5 4 2  and 5 7 6  nm) and bi l irub in ( 4 6 0  nm) (Anderson , 1 9 79 ) . 
Longterm expos ure o f  the skin to a 3 8  days Puva therapy 
shows an increase in the me lan in content of the skin as wel l  
as erythema inde x  (Dawson , 1 9 8 0 ) . 
The ch anges in skin color due to active irradiation is 
based only on variations in the amount of secretory act ivity 
of mel anin pres ent and no t on the number of mel anocytes 
(Edwards et al . ,  1 9 39 ) . Skin color in the dif ferent races 
is large ly determined by the packing , distribution and de­
gradation of me l anosomes within the keratinocytes 
(Fitzpatr ick et al . , 1 9 7 9 ) . 
Spe ctrophotometric evaluation of the in tra- individual skin 
color dif ferences in summertime was performed by Kuppenheim 
et al . ( 19 5 2 )  in skin areas with different degrees of suntan . 
The i r  findings showed the almost parallel difference in the 
spectral re flection curve of untanned and tanned skin as 
we l l  as white and negro skin . The re was a tendency for the 
di f ference to dis appear with in crease in wavelength . There 
was a wide individua l  variation in the results . 
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4 . 5 . 2 , 5 . A g e i n g  
The change in the appearance of the age ing human skin is 
the result of the histological alterations des cribed in 
chapter 4 . 4 . 3 . Increased wr ink ling of the surface may de­
crease the specular reflectance of the skin . The decreased 
amount of sweat gl ands may reduce this regular reflectance 
too . 
The fl attening of the epidermis and the incre asing width 
of the co ll agen bundles may affect the s cattering of l i ght , 
which res ults in a parallel decreased reflectance curve 
for men and women above 30 years of age ( Buck et al . ,  1 9 4 8 ) . 
The change in appe arance results in a ye llowing of the skin , 
with a superimpos ition o f  localized vasodilatations and 
local hyperke ratosis . According to work of Z abel ( 1 9 7 9 )  it 
seems to be th at the ultraviolet sens itivity of human skin 
is neither corre lated with age nor season . The range of 
ultraviolet sens itivity is mo re extended , in older people 
than in young ones . 
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CHAPTER 5 
THE VARIATION OF SKINCOLOR IN DIFFERENT 
AREAS OF THE HUMAN BODY IN A CAUCAS IAN POPULAT ION 
IN C IE 1 9 7 6 , L* , u* , v* COLOR SPACE 
Robert P .  van Oort , J aap J .  ten Bos ch , Peter C . F .  Borsboom 
5 . 1 .  A b s tract 
The pros th e t i c  r e h ab i Zi t a tion of pati e n ts with a de fe c t  
i n  t h e  fa ci a Z  r e g i o n  requires  co Z o r  matching o f  t h e  p ro s ­
t h e s i s  t o  t h e  adj a c e n t  s k i n .  The i n v e s t i g a t i o n  o f  t h e  s k i n  
co Z o r  a n d  t h e  re Z a t i on b e tw e en s kin co Z ors o f  di ffe r e n t  
e as i Zy acce s s ib Ze s ki n  regi ons was carr i e d  o u t  u s i ng a 
s ub t ra c t i ve co Z orime te r .  Thi s  me t h o d  was ve rifi e d  u s i ng a 
sp e c trop h o tome t e r .  
T h e  ob j e c t i v e  m e as uremen t  o f  t h e  co Z o r  o f  t h e  s ki n  i s  
p o s s i b Ze i f  t h e  di ame t e r  of t h e  viewing fi e Z d i s  t a k e n  i n t o  
accoun t .  The da t a  from t h e  sp e c trop h o t ome t e r  wi th 5 mm 
viewing fi e Z d ag r e e d  c Z os e Zy wi th t h e  r e s u Z ts of t h e  s ub ­
tra c t i v e  co Z orime te r .  Me an an d s tandard de v ia t i ons o f  t h e  
co Z o r  i n di c e s  in t h r e e  i n v e s t i ga t e d  areas of a p o p u Z a t i o n  
s amp Z e a r e  g i ve n .  
*The data presented in this chapter were previously presen­
ted at the 1 9 7 9  meeting of the Internat ional As sociat ion for 
Dental research in New Orleans and pub l i shed in J .  soc . cosmet . 
chem. 3 2 : 1- 1 4 , 1 9 8 1 . Reprinted with permi ss ion of the Society 
of cosmetic chemi sts , New York . 
83 
Th e i n t e r- r e g i o n a l  corre lati ons of meas urements o f  t h e  
co l o r  i ndi ce s for t h e  t h r e e  me as ure d regi ons p a lm, che e k  
an d fo re arm we re we ak . T h e  corre lati ons b e tw e e n  t h e  co l o r  
indi ce s  meas ureme n ts w e re a l s o  w e a k ,  except  f o r  t h e  inn e r  
s i de o f  t h e  fo rearm.  B y  me ans of fa ctor ana ly s i s  a n  o v e ra l l  
ch ara c t e ris ation o f  t h e  h uman s k i n  co l o r  i s  p re s e n t e d . 
To app ly t h e  s k i n  c o l o r  me as uri ng me t h o d  t o  a co l o r  
m a t c h i n g  s y s tem fo r fa ci a l  p r o t h e s i s  on ly t h e  meas urement 
in th e re le van t  skin region would b e  re l i ab le . 
5 . 2 .  In t rodu c t i on 
One of the ob j e ctives of the rehab i litation of patients 
with facial de fects is the inconspicious reconstruct ion o f  
this de fect a s  soon a s  pos s ib le after operation or trauma . 
The color match of the pros thes is to the surrounding skin 
is one of th e criteria involved in achieving this obj ective 
and , ide ally , should be non-metameric . The prosthetic re­
plication of th e skin color requires a color sys tem i . e .  
a procedure of adj usting colorant mixture until all  visually 
apparent differences are eliminated in skin color . Many 
color matching procedures fo r facial prostheses have been 
deve loped recent ly mainly b ased on artistic procedures and 
reproducib le color shade guides ( 1 , 2 ) . Eva luations of the 
results of different color matching procedures are not 
avai lab le in the literature . In practice such non-quantita­
tive systems prove to be uns at is factory in producing an 
adequate match , especially when taking into cons ideration 
length of tre atment time and cos ts . Also evident is the 
metamerism prob lem due to the di f ferences in spectra of skin 
and prosthes is . These differences are present becaus e the 
natural skin colorants are instab le in vitro and there fore 
cannot be used as a prosthetic material .  
To improve the color matching procedure and to quantify 
such a system the purpose of the present study involves : 
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Firs t ly , the instrumental and quantitative assessment of the 
variation distribution , difference and correlation of skin 
color of di f feren t parts of th e body . The s ample popul ation 
cons isted of Caucas i an males and females . Secondly the 
as ses sment of th e absolute values of skin color was also 
worked out from a spectrophotometric measurement of the skin 
o f  e leven sub j ects . 
Several methods have been emp loyed to study the color o f  
the skin . Edw ards and Duntley ( 3 )  performed spectrophotome ­
tric meas urements of th e skin and its pigments in 1 0  s ub­
j e cts of di ffe ring races . Thi s  work was concerned with the 
biophysical and biochemical analytic properties of human 
ski n .  
Buckley and Grum ( 4 )  did spectrophotometric measurements 
on the region of the cheek and converted the mean re flectan­
ce curve of 10  white sub j ects into CIE 1 9 3 1  color spe cifica­
tions . We iner an d Lasker ( 5 , 6 ) introduced two different 
photovoltmeters in the anthropological f ield s tudies , wh ich 
were directed towards inter- and intrapopulational compari­
sons of skin color for smal l  wave l ength regions . S in ce then 
Lontz ( 7 )  has used the Hunter Lab . tris timu lus colorimetric 
method for th is wo rk . However the latter inves tigators used 
too few samples to be of great value in estimating data for 
a population . 
The l imited applicab ility of the tristimulus colorimetric 
method was dis cus sed by B i l lmeyer et al . ( 8 ) . The main 
conclus ion of th is pape r was that colorimetric me thods in 
general can only be applied in measurements of color 
di ffe rences . For " absolute " color measurements a spe ctro­
photometric method is required. On the other hand , if one 
demands easy and fast operation and a reas onab le price , 
colorimeters are to be preferred.  For our purpose of 
comparing the skin colors of various parts o f  the body and 
in different individuals in the population we selected a 
col orimetric method .  
85 
For the as ses sment of the mean and the spread of skin 
color in a given popul ation we used a spectrophotometer for 
" abs olute " color meas uremen t .  To faci litate re lating the 
physical specifi cations of color stimul i  to the visual per­
ceptions that arise from them , all data were transformed 
to coordinates L* , u* , v* of the approximately un i form 
co lor space ( C IE , 19 7 6 ) . 
5 . 3 .  Mat e ri a ls an d m e t h o ds 
For the colorimetric measurements we used a Lovibond 
MK I I I  (Tintometer Ltd , Salisbury , G . B . ) with a movab le 
measuring head connected with fibre optics of two meter 
length . We obtained serial N o .  AF 7 5 1- 5 2 7 1 . All observations 
were done by the firs t  author , his color vis ion was found to 
be normal by the Ishihara , the H-R-R test and the 1 0 0  Hue 
Farnsworth-Munse l l  tes t .  The light source was speci f ied as 
a CIE I l luminant C ( app roximate ly ) • 
The skin is i l lumin ated at an angle of 4 5° to the sur­
face . The measuring head prevents the leakage of l ight from 
the surroundings . The l i ght ref lected from an area o f  2 5  mm2 
is rece ived by a fibre optic perpendicular to the surface 
of ob servation (Figs . 5 . 1  and 5 . 2 ) . A contact was main­
tained between the meas uring head and the skin . The press ure 
never exceeded 1 3  mm H g ,  or 1 . 7  x 10 3 N/m2 , i . e .  below the 
sub cutaneous cap i l l ary b l oodpres sure level ( 9 ) . This was 
obtained by a cons tant force bal ance . Thermal e f fects were 
avoided be cause the measuring head was fabricated of 
thermally isolating plas tic . Heating from the light was not 
commented on by the sub j ects . 
The lovibond is a subtractive color imeter wh ich uses the 
Lovibond-Schofie ld sy s tem , i . e .  a comparison field is 
visually matched to light ref lected by the s ample by means 
of colored fi lters . Only two out of three fi lter colors plus 
a neutral dens i ty f i l ter were used to make a match . A 
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Sch e ma t i c  di agram of t h e  Lovib ond MK III s ub trac t i v e  co l o ri ­
me t e r  wi th fi b re op ti cs . 
skin 
Figure 5 . 2 
2 2 contact pressure E; 17· 10 N/m = 13mmHg 
The meas uring prob e ,  s h owing t h e  ge ome try o f  t h e  ligh t p a t h . 
The maxima l con t a c t  a r e a  i s  at a di s tance o f  4 mm from t h e  
meas uri n g  are a .  The pres s ure i s  e x e r t e d  by me ans o f  a con­
s tant fo rce b a lance an d is  b e l ow t h e  s ub c u t an e o us a r t e ri a l  
and v e n o us cap i l lary b l o o d  p r e s s ure i n  t h e  s upine p o s i tion 
of the p a ti e n t .  
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b ipartite field of vis ion of 2° is use d .  The Lovibond-type 
color matches are only mode rately metame ric ( 1 0 ) . 
A spectrophotometric analysis of the Lovibond system was 
described by Haupt and Douglas ( 1 1 )  Computations by Haupt 
et al . ( 1 2 )  re l ated Lovibond readings to CIE 1 9 3 1  x ,  y 
( chromaticity coordinate s )  and Y ( luminance factor ) . From 
these values the L * , u* , v* coordinates in the CIE ( 1 9 7 6 )  
Uni form color space were computed ( 1 3 ) . I n  this color space 
equal dis tances between color points represent approximately 
equal perceptual differences , as long as dis tances are 
re lative ly sma l l . For the p resent range of colors L * is re­
lated to brightness ,  the u* index is re l ated to redness ( + )  
versus greenness ( - )  and the v index i s  rel ated t o  yellow­
ness ( + )  versus b lueness ( - ) . 
The s ample was compos ed of a hundred dental patients 
which were re ferred to the department of oral surgery for 
tre atment with minor oral prob lems . The patients originated 
in the northern dis tricts of the Netherlands and contained 
no people evidently other than the white race . Patients 
with inflammatory les ions were exclude d .  They were measured 
in the 3rd and 4th week of January 1 9 7 8 .  The median and 
mean age of the s amp le were 2 6  and 29 respective ly .  The 
youngest sub j ect was 8 years , the oldest one was 76 years . 
The sub j e ct s at upright in a dental chair with the right 
arm in a hori zontal pos ition resting in the e lbow suppo rt . 
The observations were respective ly taken at the thenar palm 
of the h an d ,  the inner forearm and the infra-orbital region 
of the cheek . For each region the measurement took no longer 
than 1 minut e .  The sub j ect was a llowed to acc l imat i z e  from 
the outdoor temperature ( 8 - 1 0° ) to the micro- climate 
( 2 0  � o , s 0c )  for at leas t 1 5  minutes .  There was no direct 
sunlight in the room . The inner forearm of one male sub j ect 
was too hairy to measure the skin colo r .  The cheeks o f  the 
males and females were all free from cosmetics . 
For the spectrophotometric veri fication measurement we 
used a Zeiss RFC- 3 .  
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5 . 4 .  Ve rifi ca t i o n  
The brightnes s reading o n  the instrument was cal ibrated 
by us us ing MgO sur f aces and Munsell chips as described by 
the manufacturer .  A chromati c i ty calibration was e l aborated 
by the meas urement of Munsell individual color standards 
(matte finish)  of 3 x 5 inch in the gamut of the skin . 
The Lovibond data were comp ared with the tristimulus data 
provided by Munse l l  and obtained from General Electric 
spectrophotometer curves . Five Lovibond measurements of 
each standards were averaged . The Munsell standards chosen 
were : 5 YR 6/ 4 ;  5 YR 7 / 4 ; 7 . 5 YR 7 / 4 ; 10 YR 6 / 3 ; 10 YR 7 / 4 ;  
1 0  R 6/ 4 .  (Tab le 5 . 1 ) . 
Later these standards were also measured with a Zeiss 
RFC- 3 spectrophotometer . These data confirmed the G . E .  
Spectrophotometer data within � 2 %  o f  L* , u* and v* . This 
is we ll in view of the differe nt geometry of measurement 
of these two spe ctrophotometers . 
Table 5 . 1  
Means and Standard Error of Lovibond MK Ill and GE Spectrophotometric Measurements 
of Munsell Color Standards (3 x 5 in.) 
10 YR 6/3 u u• .. 
Lovibond 60.4 ± 0.3 13.5 ± 0.1 20.7 ± 0.1 
G .E. Spectrophotometer 61.44 16.98 25.9 
10 YR 7/4 
Lovibond 70.2 ± 0.6 20.2 ± 0.2 31.5 ± 0.5 
G.E. Spectrophotometer 71.41 23.78 36.42 
10 YR 6/4 
Lovibond 60.9 ± 0.18 27.1 ± 0.1 13.7 ± 0.2 
G.E. Spectrophotometer 61.69 30.27 17.50 
5 YR 6/4 
Lovibond 59.6 ± 0.6 24.6 ± 0.4 20.0 ± 0.7 
G.E. Spectrophotometer 61.65 28.52 25.55 
5 YR 7/4 
Lovibond 69.0 ± 2.2 24.3 ± 0.8 21.8 ± 0.8 
G .E. Spectrophotometer 71.43 28.82 26.38 
7.5 YR 7/4 
Lovibond 70.7 ± 0.7 22.8 ± 1.1 26.0 ± 0.5 
G.E. Spectrophotometer 71.65 26.91 30.26 
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As Tab le 5 . 1  indicates , our Lovibond flexib le optic 
Tintometer produced a des aturated color reading compared 
to the Munsell G . E .  and Zeiss spectrophotometers . It 
appeared that the deviation was rough ly in the same 
di rection of the L* , u* , v* color space for all standard 
colors . There fore all  Lovibond meas urements , except those 
in Tab le 5 . 1 ,  were corrected with + 1 . 5 ;  + 3 . 6 ;  + 4 . 6 ;  for 
L* , u* and v* respectively , being the mean color dif feren­
ces of the two instrumental readings . 
For the spectrophotometric measurements of skin color 
a Zeiss RFC- 3 with Serial N umber 9 6 8 7 0  was use d .  The skin 
of the forearm and palm was illuminated spherica l ly , the 
measuring beam was at 8° with the normal . The field diameter 
was vari ab le over 5 mm, 15 mm and 30 mm. The skin of the 
cheek could not be meas ured with this ins trument .  
The second samp le was composed of eleven wh ite sub j ects , 
6 female and 5 ma le , and visually selected to rather extreme 
variance in skin color.  The measurements took place in the 
third week of Novemb er 1 9 7 9 . The median and mean age of the 
sample were 2 8  and 29 respectively . The range was from 2 4  
years to 4 5  years old.  The results are shown in Table 5 . 2 .  
A representative diagram of the differences of measurement 
in the L* , u* , v* colorspace between the Lovibond MK I I I  
and the Z e i s s  RFC with 3 0  mm field can be read from figure 
5 . 3a and 5 . 3b for each sub j ect separately . We presented 
only the data for outer forearm becaus e this area has 
approximately s imilar pigmentation as the facial skin . 
The differences in the measurement results between the 
Lovibond MK I I I  an d the Zeiss RFC- 3 with 5 mm field 
diamete r are small .  The conclus ion is j ustified that the 
different beam directions of the two ins truments only 
affect the meas urement results to a relative ly sma l l  degree . 
The difference between Lovibond and Zeiss with the fie ld 
diameter of 1 5  and 30 mm is probab ly due to vo lume ref lec­
tion of l i ght as it penetrates a turb i d  medium l ike the skin . 
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Table 5 . 2  
Means and Standard Deviations of Corrected Lovibond MK III Measurement (Values Corrected to Munsell 
Standards) ;md Zeiss RFC·3 Specuophoromeuic Differences of Palm, Inner Forearm, and Outer Forearm for 















56.49 ± 1 .9 
62.88 ± 1.9 
55 55 ± 1 .4 
11.3 ± 1.4 
9.72 ± 1.6 
15.79 ± 2.2 
Zeiss-Lovibond differences-Zeiss at 5·mm field diameter 
!J.L• tJ.u• 
1 .79 ± 1.6 3.5 ± 1.8 
1.07 ± 0.8 2.8 ± 1.9 
2.1 ± 1.8 2.92 ± 1.8 
Zeiss-Lovibond differences-Zeiss at l 5·mm field diameter 
ti.LO tJ.u• 
3.97 ± 2.2 10.24 ± 2.5 
3.7 + 1.4 8.7 ± 1.9 
4.15 ± 2.9 9.69 ± 25 
Zeiss-Lovibond differences-Zeiss at 30·mm field diameter 
tJ.L• tJ.u• 
6.62 ± 2.0 12.1 ± 2.0 
4.60 ± 1.5 1 1 .55 ± 2.4 
6.07 ± 3.0 10.86 ± 2.3 
v• 
11 .78 ± 0.9 
16.81 ± 2.4 
21.28 + 1 9  
tJ.v• 
1.6 ± 1.3 
1 .65 ± 1.7 
1 66  ± 1 4  
tJ.v• 
3.62 ± 1.8 
4.7 ± 1.7 
4.17 ± 1 5 
tJ.v• 
6.44 ± 1.5 
5.18 ± 1 .6 
5.62 ± l.8 
Bes ides penetration , the scattering process also causes 
l ight trave l parallel to the s urface . This results in rela­
tive los s of l i ght and hence a lowe r L* , when a sma l l  area 
is us ed.  This phenomenon together with the different vo lume 
re f lection coe fficients of the shorter and longe r wavelengths 
also explains the re lative ly l arger redness-va lue ( u* ) of the 
s pectrophotometric meas urement with the larges t viewing 
opening comp ared to the smallest opening . Als o ,  absorption 
differences due to these p ath length differences may play a 
role . These e f fects w i l l  be further inves tigated.  
The prob lem of the meas urement of the translucent 
medium was discus s ed by Hun ter ( 1 7 ) . He advises using an 
ins trument with an i l luminating beam of smaller diameter 
than the diameter o f  the viewing window itsel f .  The di f feren­
ce between the diameters of the window and the beam should 
9 1  
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Figure 5 . 3 a 
u* -v* co l o r  di ffe rences of t h e  o u t e r  fore arm o f  1 1  p e rs ons 
me as ured u s i ng Lo vib ond MK III v e rs us Zeiss  RFC- 3 wi t h  
3 0  m m  v i ewing fi e l d di ame t e r .  T h e  do t t e d  l i n e s  repre s e n t  
t h e  b o un dari e s  of t h e  meas ureme n ts o f  t h e  two ins t rume n ts . 
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P10 • P11 a 
L* -u* c o l o r  diffe ren ce s  o f  t h e  o u t e r  fore arm o f  11 p e r s o n s  
me asured us i n g  L o v i b ond M K  III ve rs us Z e i s s  RFC- J w i t h  
J O  m m  v i ew i n g  fi e l d di ame t e r ,  
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increase with depth of light penetration of the spec imen . 
Howeve r ,  be caus e of the curvature and pl iab i lity of the 
skin we do not re commend the use of such a large field 
diamete r ,  b e cause the skin of the palm and the arm has a 
tendency to bulge into the me asuring sphere . For the cheek 
this penetration is stronge r .  
5 . 5 .  Re s u l ts 
The precis ion of measurement at the same occasion was 
dete rmined by ten repeated meas urements after repos itioning 
of the meas uring head in one s ub j ect by one observe r .  For 
the skin in the zygoma area the standard deviations were 
found to be 1 . 1 ; 0 . 5 ;  0 . 9 ;  for L* , u* , v* respectively . 
Howeve r in more color saturated skin areas these values 
were 1 . 8 ; 0 . 9 ;  0 . 7  for L* , u* , v* respective ly . This in­
cre ase of standard deviations was confirmed by measurement 
of the Mun s e l l  standards with increasing co lor s aturation . 
The magn itude of normal vari ation caused by t ime and 
precis ion of measurements , was registered in one sub j ect 
by means of 9 meas urements , in the zygoma area three every 
hour during morningtime . The standard deviations were 
1 . 9 ;  0 . 6 ;  0 . 8 for L* , u* , v* respectively . 
The skin color measurements of 1 0 0  sub j ects demonstrate 
an approximately normal distribution of the co lor indices 
of the forearm , the pa lm and the cheek . In figure 5 . 4 .  
these distributions are shown for u* . 
The means and s tandard deviations of u* , v* , L* indices 
for the three me as ured skin areas are shown in Tab le 5 . 3 .  
Only for the palm and the cheek is the difference for 
the mean u* between females and males s i gnificant (P  < 0 . 0 5 ) . 
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----1 ... � u* 
Th e re l a t i v e  u* co l o r  coordi nates  for t h e  inne r s i de o f  t h e  
fo re arm, t h e  t h e n a r  p a lm of t h e  h a n d  an d i n fra o rbi ta l 
area o f  t h e  ch e e k  are app roxima t e ly n o rma l ly di s trib u te d  
o v e r  t h e  p op u l a ti ons . 
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Table 5 . 3  
Means and Standard Deviations (Denoted with S.D.) of the Sample (Values Corrected to Munsell Standards) 
N L• s.o ... .. s.o .•. v• S.D .•• 
Inner Forearm. Male 48 57.0 5.9 10.2 2.1 13.0 2.4 
Female 51  56.l 5.3 9.5 2.1 12.2 2.3 
Total 99 56 5 5.6 9.8 2.1 1 2.6 2.3 
Palm: Male 49 5 1 .4 rn l! 9 2.4 9.6 2-1 
Female 51 52.7 5.2 10.8 2.3 9.9 2.2 
Total 100 51.8 5.2 1 1 .4 2.4 9 7  2.1 
Cheek: Male 49 45.8 7.3 17.4 3 6 10.5 2.3 
Female 51 47.2 7.5 1 5.8 3.0 10.8 4.2 
T(){al 100 46.5 7.4 16.6 3.4 10.7 3.4 
The u* co lorindex ( redness ) ,  the v* colorindex (yel low­
nes s )  and the L* index of the three skin areas of the 
sub j e cts are not re lated to the ages of the persons . For 
the index u* this is il lustrated in figure 5 . 5 .  The re sults 
for v* and L* are simi l ar .  
The corre lation o f  th e chromaticity indices u* versus 
v* and for u* versus L* for eve ry meas ured area separately 
is given in Tab le 5 . 4 .  
The statis tically s ignific ant corre lation ( P  < 0 . 0 1 )  u* 
versus v* for the arm and the absence of u* ve rsus v* corre­
lation for the cheek can be re ad from the s catter diagram 
figure 5 . 6 .  
The color index re lations between the three areas are 
quantitative ly repre sented in Table 5 . 5 .  
To dis cover an ove rall relationship in the three color 
indices , meas ured in the three areas for the s ample of 9 9  
sub j e cts a factor analysis was carried out .  Every sub j ect 
of the s ample is characterized by n ine var iab les i . e . 
3 ( L* , u* , v* ) times 3 (palm, cheek , arm) . Three factors are 
orthogonally rotated according to the varimax criterion ( 1 4 ,  
1 5 ) . The loading is a measure of the correlation between 
the factor and the variable . The results are pres ented in 














Fi gure 5 . 5 
Cl Cl 
Cl Cl 
B o o oD 
Cl 
Cl Cl 
DCiJD § Cl Cl @ Cl []J§ Cl Cl Cl Cl Cl oD 
c:P Bo o 0 
Cl 





BEl o� o 
• : • Iii • • • • • • 
• ,�.Cl� •
• • 























--.. - age 
Sca t t e r  diagram of u* v e rs us age of t h e  inn e r  fore arm 
and the ch e e k  A w e ak corre l a t i o n  is  pres en t .  




Summary of Correlarion Analysis of 11• Versus v• and 11• Versus L• and 11• Versus L•. 
r is the Correlation Coefficient, P is the Level of Significance. N .S. Indicates P > 0.05 
N r .... p r.•L• p '•"L" 
100 0.28 <0.01 -0.25 <0.05 0.17 
100 0.06 N.S. - 0.41 <0.001 0.21 
99 0.61 <0.001 -0.03 N.S. 0.16 
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Sca t t e r  diagram of u * v e rs us v * fo r t h e  inne r fo rearm and 
the ch e e k  . On ly the co rre l a ti on r * * of t he inne r for e -u v 
arm i s  s i gn i fi cant P < 0 . 0 0 1 . The regre s s i on equation for 
th e fo rearm is v*= ( 2 . 6 + O .  7 )  + 0 . 5 6 u* . 
Table 5 . 5  
Summary of Correlation Coefficients r Between the Three Areas. P is the Level of Significance. 
N .S. Indicates P > 0.05 
N u• p v• p L- p 
r Palm/Cheek: 9'.) 0.14 N.S. 0.17 N.S. 0.28 <0.01 
r Palm/Forearm: 9\) 0.32 <0.01 0.25 <0.02 0.31 <0.01 
r Cheek/Forearm: 9'.) 0.27 <0.01 0.33 <0.01 0.31 <0.01 
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Table 5 . 6  
Table VI 
Orthogonal Rotation of Factors 
Variables 
VI u• palm .647 -.484 - .034 
V2 v• palm .518 .065 - .033 
V3 U palm .071 .825 - .041 
V4 u• cheek .254 .175 .854 
V5 v• cheek .531 .303 - .137 
V6 U cheek .216 .352 - .797 
V7 u• inner forearm .774 .058 .170 
VB v• inner forearm .704 .301 .104 
V9 L • inner forearm . 197 .619 - .024 
Explained Variance (%) 27.31 18.04 13.43 
The first factor has pos it ive loadings . Its high loadings 
are for Vl , V2 , VS , V7 and V8 , or redness index and yel low­
ness inde x  for the palm and the innerforearm and the 
yel lownes s index of the cheek . This is a factor of chroma­
ticity . 
The second factor has pos itive factors except for redness 
index of the palm.  Its high loadings are for V3 and V9 , 
luminous re flectivity o f  the palm and the inner forearm . 
This is a luminous re flectivity factor , exc luding the cheek . 
The thi rd factor is certainly puzz ling with negative and 
pos i tive loadings . Its h i gh loadings are for V4 and VG . The 
main emphasis of th is factor seems to be on the pigmentation 
of the facial skin . 
5 . 6 .  Di s cus s i on 
The precis ion of measurement on a particular skin s ample 
tends to be inversely related to its s aturation . P sycho­
phys ical color difference measurements converted in the L* , 
u* and v* color space seem to confirm this ( 1 6 ) . 
The co lor of the skin is determined by the different 
tran s l ucent layers , the particular pigments in each of these 
layers and the degree of the l ight scattering due to 
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difference in turb idity ( 3 ) . This translucency of the 
living human skin and its e f fects is dif ficult to inves ti­
gate at the moment . 
In maxi l lofacial prosthetics the main interest is dire c­
ted towards the facial area .  The results in color differences 
ob tained by the colorimetric method between the three in­
ves tigated areas show a s igni ficantly h igher S . D . u* and 
S . D . L* (P < 0 . 0 1 )  (Viz . Tab le 5 . 3 ) of the mel anin pigmented 
skin of the cheek th an of the relatively unpigmented inner 
fore arm . This re lates to the "normal " population variation 
of pigmented areas . Furthermo re , the s ign if icantly higher 
redness u* va lue (P < 0 . 0 1 )  of the cheek and the palm in 
comp arison to the forearm can be explained by the bodily 
di stribution of arterial b loods upply s i z es of blood vessels 
an d me lanine content of the stratum mucosum and the epider­
mis ( 3 ) . A s imi lar explanation may ho ld for the higher v* 
value of the inner fo re arm , which may corre late with a 
higher carotene content . The s i gnifi cantly lower L* o f  the 
cheek (P < 0 . 0 1 )  and the palm (P  < 0 . 0 1 )  compared with the 
inne r fore arm is probab ly caused by the degree of scattering 
due to a thi cker st ratum mucosum. The same explanation 
might hold for th e negative relationship ( Tab le 5 . 4 ) between 
u* and L* of the palm and u* and L* of the cheek whi ch in­
dicates the relative ly large degree of l ight scattering in 
these skin areas . 
The weak corre lations of either u* ( rednes s )  or v* (yellow­
nes s )  index between th e three investigated skin areas 
( Tab le 5 . 5  an d 5 . 6 ) ind icates that it is useless to measure 
the color of the inner fo rearm or palm as a basecolor for 
the facial pros thes is . The ins trumental determination of 
skin color and convers ion and preparation of a color recipe 
should be exerted directly on the facial skin . The deve lop­
ment of a preferab ly spe ctrophotometric instrument suitable 
for such an intri cate s i tuation is des irab le for the near 
future . 
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The dis tribution of skin colors in our population in 
re l ative units can be determined from our colorimet ric data . 
9 5 %  of the population is within a width of four standard 
deviations . For the cheek the width of this range amounts 
to 6L*= 2 9 . 6 ;  6u*= 1 3 . 6 ;  6v*= 1 3 . 6  ( Vi z . Table 5 . 3 ) . 
Absolute data can only be roughly derived assuming that 
the spectrophotometric va lues at 30  mm diameter correspond 
to visual perception of the skin . Then the mean and standard 
errors of the dis tribution of a skin pigmented s imilarly to 
the face amounts to L* = 6 1 . 6 3 + 1 . 4 ;  u* = 2 6 . 7 3 + 0 . 9 ;  
v* = 2 6 . 9  + 0 . 4 .  
C limat i c ,  phys iological and ethnical factors will pro­
bab ly make it neces s ary to modi fy these color dat a ,  be fore 
it will  be app li cab le in the artificial cosme tic repl icat ion 
of facial sk in . Such work is in progress . 
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CHAPTER 6 
VARIATION OF THE FACIAL SKIN COLOR DUE TO 
SEASONAL INFLUENCES AND TEMPERATURE REGULATION 
Robert P .  van Oort , Jaap J .  ten Bosch 
6 . 1 .  A b s tract 
The co Z o r  ma tch of a fa ci a Z  pros the s i s to the s urroun­
ding s ki n  may b e  de fi ci e n t  due to p h o t ob i o Zogi ca Z and 
v a s c u Z a r  change s in the s kin . A quan ti tative inve s ti ga t i on 
of p i gmen tation an d ery thema ( 1 3  s ub j e c t s ) ,  mus c u Z a r  w o rk 
( 1 3  s ubj e cts ) and envi ronme n t a Z  coo Zing ( 8  s ub j e c t s ) was 
pe rforme d, us ing a s ub t ractive co Z o ri me te r .  
The p h o t ob i o Z o gi c a Z  changes were verifi e d  w i t h  a s e ri e s  o f  
s p e c trop h o tome tri ca Z  meas uremen ts . 
The three diffe rent s amp Z e s ,  w i th comparab Z e  b i o Z o gi c a Z  
vari ation of t h e  chroma ti ci ty coordina t e s ,  in t h e  t h r e e  
di ffe rent exp e rimen ts w e re meas ure d accordi n g  to  s tandard 
pro c e dure s . The mean co Z o r  diffe rence s of the p h o t ob i o Z o ­
gica Z Zy varying s kin co Z o r  i n  three  di ffe re n t  s kin regions 
w e re twi ce as Zarge as  the vari ation in s kin coZor due t o  
mus cu Zar work and envi ronme n t a Z  coo Z i n g .  The p h o tob i o Z o ­
gi ca Z vari ation o f  s ki n  co Zors are caus e d  fo r t h e  mos t  part 
by a vari a t i o n  in t h e  Zumi no s i ty (L *) and a vari ation i n  
*Some of these results have been reported a t  the 1 9 8 1  meeting 
of the International As sociation for Dental Research in 
Chicago and s ubmitted for publication to the Journal of 
Investigative Dermatology . 
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re dn e s s  ( u* J .  Thi s  was confi rme d by t h e  s p e c tropho tome t r i c  
me as urement in w i n t e r time a n d  s umme rtime , and the corre l a­
tion ( r  * L *= - 0 . 4 )  of t h e  co l o rime t r i c  meas urements duri n g  u , 
1 y e ar .  
The s k i n  co l o r  vari ation o f  b o t h  t h e  mus cu l a r  w o rk ,  as 
we l l  as the envi ronme n t a l  co o ling e xp e riment,  s howe d  a l arge 
s t an dard error and a re t urn to  ini ti a l  v a l u e s  ri g h t  aft e r  
t h e  e xp e rime n t .  Cons e q ue n t ly t h e  re s u l t s  o f  t h e  p h o t ob i o l o ­
gi c a l  exp e riment only de t e rmine s t h e  e x t e n s i o n  o f  t h e  range 
of a co l o r  ma tching s y s t e m .  
6 . 2 .  In tro duc tion 
The prosthetic rehab i litation of patients with facial 
de fe cts requi res a color match between the skin and the 
facial pros thesi s . The color match between the skin and the 
prosthe s is may be de ficient due to the photobiological in­
fluence on the skin , the variations in the cutaneous b lood 
flow and the staining of the facial prosthetic material . A 
study of the photobiologic influence and the e f fect of 
mus cular work and environmental temperature on the appearan­
ce of the skin is necess ary for the development of a quanti ­
tative color system . 
The di f ference of the chromati c  appearance of the skin 
at two successive events is expressed in magnitudes of color 
difference . The L* , u* ,  v* color dif ference system is used 
to expres s  the perceptib i li ty of small contrasts in colo r .  
A change i n  the color appearance o f  the skin b y  U . V . ­
light ( 29 0 - 4 0 0  nm) irradiation ( U . V . A .  + U . V . B )  arises from 
the complex interplay of l i ght and the epide rmal mel an in 
unit (Quevedo et al . ,  19 7 4 a ;  Fitzpatrick et al . ,  1 9 7 1 ;  
Parrish et al . ,  1 9 7 8 ) . The complex reaction pattern o f  the 
skin on ultravio let radiation is characteri zed by erythema 
( 0 - 2 0  h) and tanning ( 1- 7 2  h ) . Both are divided into an 
immediate and a de layed type of response (Quevedo , 1 9 7 4 ; 
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Parrish et al . ,  19 7 8 ) . Marke d regional vari ation over the 
human body appe ars to exi s t  in the sensitivity of me lano­
cytes to specific hormones as demons trated by the number o f  
me lanogeni c  me lanocytes (Quevedo , 1 9 74 ) . 
Investigations deal ing with the seasonal influence o f  
U . V . - li ght o n  the epidermal-melanin unit are s carce . A 
longitudinal investi gation of this e f fect is not found.  The 
studies of Kuppenheim and Heer ( 19 5 2 )  showed the marked 
di ffe rences in spe ct ral reflectance curves between ins ide 
fore arm , outs ide fore arm , and the forearm for 1 1 3  white as 
we l l  as negro sub j e cts at the end of the summe r .  Seasonal 
variation of pigmentation of the face was described by Buck 
and Froe lich ( 1 9 4 8 ) . The ir average spectral reflectance 
curves showed re lative ly little change between sprin g  and 
summertime , which was attributed to the exposure of the 
face to light throughout the year . 
A change in the color appearance of the skin due to 
mus cular work or a co ld environment is caused by a vas cul ar 
reaction . This reaction plays a rol e  in the regulation o f  
the deep body temperature in order to protect the body 
tissues from heating or coo ling (�s trand , 1 9 7 7 ) . Muscul ar 
work is attended with the release of heat . This energy i s  
transported b y  the blood and los t through the apices o f  the 
cap i l lary loops in connection with the arterio-venous 
anastomoses ( Ryan , 19 6 9 ) . The heat is convected to the 
environment .  
Environmental and local cooling in fluences the peripheral 
blood- circulation on several factors : a local vasocons tric­
tion , an increase of the vi scos ity ( Pringle , 1 9 6 5 ) , the 
les sened distribution of b lood in the arterioles , in the 
cap i larie s , and in the arterio-venous anas tomes and has 
influence on the oxygen s aturation of this b lood ( Z i j l s tra 
et al . , 1 9 7 3 ) . 
This paper deals with the quantitative assessment of the 
skin color vari ation throughout the year as we l l  as due to 
mus cular work as we ll as due to a low temperature of the 
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environment .  Furthermore the consequences for the color 
matching sys tem of the facial prostheses wil l  be analy z e d .  
6 . 3 .  Mat e ri a ls an d m e t h o ds 
For the colorimetric measurements we used a s ubtractive 
colorimeter , a Lovibond MK I I I  (Tintometer ,  Ltd . , Sal isburv . 
G . B . )  with a movab le measuring head connected with fibre 
optics of two meter length . Al l observations were done by 
the first author ,  his color vis ion was found to be normal 
by the I sh ihara , the H-R-R test and the 1 0 0  Hue Farnsworth 
Munse l l  tes t .  
The l ight source was spe c i fied as a CIE i lluminant C 
( approximat e ly )  • Pressure of the measuring head on the skin 
and thermal e f fects did not influence the skin colo r .  The 
Lovibond values were trans formed to L* , u* , v* coordinates 
of the CIE ( 19 7 6 )  uni form color space by use of a computer 
program based on the spectrophotometric analys is o f  the 
Lovibond system (Haupt , S ch le te r  and Eckerl e , 1 9 7 2 ) . This 
method was verified by control me as urements with a Zeiss 
RFC - 3  with an adj ustab le measuring opening as described by 
Van Oort , Ten Bosch and Borsboom ( 1 9 8 1 ) . 
The s e as ona l s ki n  co l o r  in v e s ti gation (fi r s t  exp e rime n t )  
The skin color was measured of 1 3  human volunteers on the 
infraorbital region of the left cheeck , the supra-orbital 
region of the left forehead and the inner s ide of the left 
forearm .  Six women and seven male s ub j ects , with ages 
ranging from 2 4 - 4 9  ye ars ( a  mean age of 3 2  years and a median 
age of 30 years ) , were measured colorimetrical ly in the 
morning eve ry three weeks from June 1 9 7 8  til l June 1 9 7 9 . The 
biologi cal variations of the s amp le are des cribed in Table 
6 . 1 .  They were indoor employees for five days a week . The 
sub j e cts were acc limati zed for at leas t fi fteen minutes in 
the measurement room ( microcl imate 2 0° + o . s° C ) . The cheeks 
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of the females and males were all free from cosmetics . 
The work l oad- s k i n  ao l o r  inv e s t i gation ( s e aond exp e rimen t )  
The skin color was measured on the in fraorbital region 
of the left cheek . Ten male and three fema le vo lunteers , 
with ages ranging from 2 4 - 5 0  years ( a  mean age of 3 1  years 
and a median age of 29  years ) ,  were sub j ected to a s tandar­
di z ed submaximal exercise tes t on a bicycle ergometer 
( Lode , HL 600 R) . The bio logical variations are described 
in Table 6 . 1 .  
Tab l e  6 . 1 .  Biological co lor variat ion of the cheek in the different 
s amples in wintertime (means and standard deviations : S . D . , 
corrected to Muns el l standards ) 
N L* s . n .  u* s . n .  v* S . D . 
seasonal inf luence 1 3  5 7  . 9 3  2 . 5  1 6 . 8  3 . 4  1 4 . 24 3 . 3  
b icycle ergometer 1 3  5 7 . 5  3 . 2  1 8 . 0  3 . 4  1 4 . 6  2 . 7  
refrigerator 4° C 8 59 . 5  3 . 3  1 7 . 7  2 , 0  1 6 . 0 2 . 6  
popul ation (v . Oort et 
al . •  1 9 8 1 )  1 00 46 . 5  7 . 4  1 6 . 6  3 . 4  1 0 .  7 3 . 4 
The exercise experiment started with a workload o f  5 0  
Watt . After every three minutes exercise the workload was 
incre ased with 50 Watt unt i l  the heart rate exceeded 1 6 0  
per min .  In that case the workload was increased with 2 5  
Watt . After the he art rate had exceeded 1 7 5  per min . the 
work load was decreased to 50 Watt . This load was maintained 
during 1 2 - 1 5  minutes unt i l  the heart rate was stabile again . 
During the who le experiment the pedal frequency was kept at 
6 0  revolutions per minute . 
The subj ects were acclimatized for at least five minutes 
in the measurement room (microclimate 20 . 5  + 0 . 5° c ,  rela­
tive humidity 51 � 1 . 5 % ) . The skin color was measured at the 
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end of each 3 minutes period and at 3 minutes intervals 
during the recovery period . A rough estimation of v0 ( max)  
was made from the heart rate for a given workload 2 
(�s trand , 19 7 7 ) . 
The me as ureme n t  in a ao Zd envi ronme n t  ( 4 °  C ) ( th i rd e xp e ri­
me n t )  
The skin color was me as ured a t  the infraorbital region 
of the left cheek . Six males and two females , with ages 
ranging from 2 4 - 4 9  years (a mean age of 31 years and a 
medi an age of 2 9  years ) , were colorimetrically measured in 
a re frige rator room with a temperature o f  4° C .  The biolo­
gi cal vari ations are des cribed in Tab le 6 . 1 . 
After the b as e l ine measurement at room temperature ( 2 0° 
+ 0 . 5° C )  the skin color was meas ured every one and a half 
minute with the volunteer in the re frigerator room. After 
ten minutes from the onset a fan was placed in the refri­
ge rator room , l� meters in front o f  the volunteer for 
another three minutes , during whi ch period two measurements 
we re taken . After this period the sub j ects were acclima­
tized at room temperature for fifteen minutes . The skin 
color was measured seven times after the cooling period . 
In the three di f ferent investi gations the col lected 
measurement data were e l aborated separate ly and they were 
calcul ated in L* , u* , v* color- coordinates representing 
colorpoints in the CIE ( 19 7 6 )  Uni form Color Space . 
Furthermore the range of the single skin color coordinates 
per subj ect per experiment was calculated . These ranges 
we re averaged for every s ample and e xp re ssed in RL* ; Ru* ; 
Rv* · 
In be tween a l l  L * , u* , v* measurements data a l l  the 
color differences 6 E* (Wys z e ck i , 1 9 7 8 )  were calculated 
UV 
for every experiment and for every s ubj ect separately . In 
·order to take into account the error of measurement ,  the 
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three largest overall values 6E* , were selected and 
UV 
averaged .  The se mean values per sub j ect were averaged for 
the whole sample per experiment . 
The L* ,  u* , v* coordinates of the median of these three 
largest 6 E* di f ferences we re selected.  The range between 
UV 
the highest and lowe st values of these median color coordi-
nates was calculated per sub j e ct and averaged for each of 
the three experimental samples ( DL* ; Du* ; Dv* ) separate ly . 
The di f ferences of the means were compared by the 
Student ' s  t-test at a 9 5 %  leve l of significance . The 
differences in SOL* ; sou* ; SDv* were compared by the F­
distribution test at a 9 5 %  leve l of s igni f ican ce (Wesp , 
1 9 7 7 ; Clarke , 1 9 80 ) . 
6 . 3 . 1 .  Eva luation and veri fi cation 
In orde r to make an analyses between the error of measu­
rement and the short term sk in color variation ( vascular 
e ffe ct ) , di f fe rent s amples were meas ured and compared 
( Clarke , 1 9 8 0 ) . 
The e rror o f  me as urement was determined in eight sub j e cts . 
For e ach sub j e ct the measuring head was repositioned four 
times on the s ame skin surface , and readings were made . 
The mean and standard deviation of the measurements were 
calculated for each sub j e ct .  The combined standard devia­
tions of L* ,  u* , v* we re cal culated by means o f  {-s_o_1 _2_(N_1_-_1_J_+_s_o_2_2_(_N_2_-_1_J _+ __ • _· ._+_s_o_8_2_(_N_8_-_1_J } � SD = comb . ( N  - 1 )  + (N - 1 )  + . . .  (N 8- l )  1 2 
in whi ch N 1 = + . • .  = N 8 = 4 .  
The s ho r t  t e rm vari ation was determined in four sub j ects 
ove r three success ive sunless days , after repos itioning 
the measuring he ad in approximate ly the s ame facial skin 
region . Simi larly the comb ined standard deviations for L * , 
u* , v* we re calculated . 
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The range of the single coordinates of the error of 
meas urement and the short term vari ation and the seasonal 
vari ation are given in Tab le 6 . 2 .  Although we ass ume that 
the seasonal vari ation is not drawn from a normal distribu­
tion the values are given for comp letenes s .  
Tab le 6 . 2 . The comb ined s tandard deviations o f  L* , u* , v* CIE , 1 9 7 6 .  
COMBINED STANDARD THE RANGE OVER THE 
DEVIATIONS SUBJECTS (mean and s . d . )  
cheek d. f .  S . D . L* S . D . u* S . D . v* RL* Ru* Rv* 
error of meas urement 24 I .  6 1 . 2** 0 . 9** 2 . 8+ 1 . 9  2 . 2+ 1 . 4  2 . 0+ !  . 3  - - -
short term variat ion 67  I .  5 1 . 8** 1 . 8** 4 . 6+ 1 . 7  5 . 0+ 1 . 5  4 . 4+ 1  - - -
s eas onal variat ion 1 83 3 . 1 2 .  I 2 . 2  1 1  +3 . 3  7 . 9+4 . 7  3 . 3+2 . 7  - - -
population variat ion 
(van Oort , 1 98 1 )  99 7 . 4  3 . 4  3 . 4  - - -
** F-distribution tes t ;  p < 0 . 05 
There is a s i gn i f i cant difference between the SDu* 
and 
SDV* 
of the error of me asurement , and the short term varia­
tion of the cheek . This is p robab ly caused by the vascular 
e ffect of the short term skin color variation . Other data 
in this Table are dis cussed in the results section . 
The re lative skin color one year around measurement was 
ve ri fi e d  with the abs o lute skin color measurement by means 
of a spectrophotomete r .  As the skin of the cheek could not 
be pos itioned in front of this instrument the pigmented 
outers ide of the forearm was measured in two s amples o f  
e leven and six s ub j e cts once in wintertime and once in 
summertime respective ly . 
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6 . 4 . Res u Z ts 
Firs t exp e ri me n t  
For one example the skin color vari ation of the cheek 
during one ye ar is shown in figure 6 . 1  for the L* , u* , v* 
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Se a s o n a l,  co Z o r  vari ation of t h e  fac i a Z  s kin of a fema Ze 
s ub j e c t ,  expre s s e d  in t h e  co Z o r  indi c e s  (L * : --�;  u* : �  + ;  
v* : - -0 )  of t h e  CIE 1 9 ? 6  Uni fo rm Co Z o r  Space . 
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There is a s ign i f i cant negative corre lation between the u* 
and L* indices . This sys tematic vari ation was also shown in 
mos t  of the other sub j ects in the cheek and forehead regions . 
A graphi cal presentation of the seasonal skin color 
variation for the who le s ample is dis turbed by the indivi­
dual var iation in time and period of hol iday s  and periods 
in wh i ch much time is spent outdoors . There fore the ranges 
between L* ; u* ; v* o f  the cheek for the longterm variation 
per sub j ect were ave raged for the whol e  s ampl e  and compared 
with the ranges of the error of measurement and the short 
term variation (Tab le 6 . 2 ) . It can be seen that the diffe­
rence s for L* and u* are sign i f i cant between the seasonal 
variation and the error of measurement as we l l  as the short 
term variation . 
The mean of the three maximal color dif ferences for each 
sub j e ct and the range of these median color dif ferences are 
pre sented in Table 6 . 3 .  
Table 6 . 3 .  Seasonal variations , the median o f  three extreme values 
(N= l 3) ,  mean and s tandard deviat ion . 
tiE* N= l 3  01* Du* Dv* tiE* female tiE* males UV UV N=6 UV N= 7 
inner 
forearm 1 2 . 9+ 3 . 4  1 0 . 5+3 . 9  4 . 9+3 . l 3 . 7+2 . 6  1 3 . 8+4 . 3  1 2 . 1 + 2 . 4  - - - - - -
cheek 1 2 . 2+ 3 . 0  9 . 5+ 3 . 0  5 . 6+ 3 . 9  2 . 9+ 2 . 3  1 4 . 0+ 2 . 9  1 0 . 6+2 . 3  - - - - - -
forehead 1 3 . 0+2 . 5  8 . 8+3 . 7  5 . 2+2 . 1 6 . 4+4 . I  1 4 . 0+ 3 . 0  1 2 .  1 + 2 . 2  - - - - - -
I t  can be seen th at there is no statis tical difference be­
tween the three observed skin regions . Only the dif ference 
between the mean cheek values of tiE* of the females and 
UV 
males is s ign ifican t .  The time e l ap s ing between the h ighe s t  
and lowest ti E* value s  was never les s than nine weeks with UV 
a mean of 2 4  weeks . 
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The ranges in the color coordinates of the three large s t  
values of nE* i n  eac� sub j ect were plotted in a s catter 
U V  
di agram . The relationship of the color indices is s ign i ficant-
ly non zero for the rDu*DL* ( - 0 . 4 ) of the cheek ( figure 6 . 2 ) 
wh ich is in agreement with the relation , apparent in 
figure 6 .  1 .  
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Figure 6 . 2 
The q u a l i ty o f  t h e  t h r e e  large s t  s e as o n a l  variati ons in 
e v e ry s ub j e c t  (N=1 3 ) . Th e co rre lation coeffi ci e nts e q u a l  
rDu*Dv *= 0 . 1  and e q ua l  rDu*DL *= - 0 . 4 . On ly rDu*DL * i s  s i gni ­
fi can t ly non z e ro p < 0 . 0 5 .  
The ranges o f  the median o f  these three extreme values 
n E* , DL * ; D * ; Dv* are re levant for the color matching U V  U 
sys tem used for the manufacture of a facial pros thes is . 
In the outer fore arm , me asured in wintertime and summer­
time ( figure 6 . 3  and Tab le 6 . 4 ) , the observed L* , u* e f fect 
is confi rmed by the spectrophotometric analysis . 
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Figure 6 . J 
The ave rage an d s t an dard e rror o f  t h e  s p e c tra l curv e s  ( Z e i s s  
RFC- 3 w i t h  3 0  mm vi ewi ng op ening)  o f  t h e  o u t e rs i de o f  t h e  
fo re arm in w i n t e rtime (N=l l )  a n d  s umme rti me ( N=6 J . 
Table 6 . 4 .  Spectrophotometric measurement o f  outs ide left forearm 
with Zeiss RFC-3 ( 30 mm viewing opening) 
mean and s tandard deviation 
wintertime 
s ummert ime 
N 
1 1  
6 
L* 
6 1 . 6+4 . 5  
56 . 6+2 . 7  
Se cond and thi rd exp e r i me n t  
u* 
26 . 7+3 
30 . 0+ 1 . 8  
v* 
26 . 9+ 1 . 4 
2 7  . 4+ 1 .  8 
The colorimetric measurements o f  the skin color due to 
mus cular work load and coo ling show a s li ght systematic 
variation . 
·For the two experiments the res ults were calculated in 
1 1 5 
6 E *  on the basis of the initial va lue and averaged . The re-uv 
sults presented in fi gure 6 . 4  and 6 . 5  show the moderate color 
difference after 2 0 0  Watts work load and the s l ight color va­
riation with l arge standard errors in the cool ing experiment . 
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Fig ure 6 . 4 
Mean an d s t andard error of bas e line fac i a l  co l o r  diffe rence 
(N=1 3 )  wi th i n cre asing w o rk load in B i cy c l e Ergome t e r  e xp e ri ­
men t  ( 6E:v : *� ;  6L * : - - 6 ;  6 u* : - + - ; v * : -o- - - ) . T h e  i ni t i a l  
va lue • ( 6E = 2 .  7 5 )  corre s p onds t o  t he s ho r t  t e rm vari a t i o n  o f  
t h e  s ki n  co l o r .  
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Figure 6 . 5 
27 
-minutes 
Me an an d s t an dard e rror of t h e  b as e l i n e  fa cia l co l o r  diffe ­
rence (N= B J  w i t h  envi ronme n t a l  coo ling in a r e fri gerator 
room e xp e ri me n t  (4°  CJ  ( 6 E* : - *- ) . The i n i t i a l  va lue U V  
• ( 6 E* = 2 . 7 5 )  corr e s p onds to the s h o r t  t e rm variation of U V  
t h e  faci a l  s ki n  co l o r .  
6 . 5 .  Di s cus s i o n  
The di f fe rent s amp les us ed in this study comp ared wi th 
the variation of skin color in the population (Table 6 . 1 ) 
showed that the dis tributions do have the s ame variance in 
the chromaticity coordinates . This null hypothes i·s is rej e c­
ted for the L* ( l uminos ity) coordinate in the s ample . These 
individual di f fe rences may be caused by the larger number o f  
outdoor workers i n  the s ample o f  1 0 0  s ub j ects . Consequently , 
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caution should be exe rcised in extrapolating the re sults in 
this group to outdoor workers , to other ethnic groups and to 
other cl imates . Anyhow , the re sults in the present experi­
ments are re l evant for the facial pros thetic patients , be­
cause most of them are in the e lderly age group and ret ired 
and thus mos t ly living indoors . 
The Lovibond meas urement shows less redness ( u* ) sensiti­
vity compare d  to the Zeiss  spectrophotometric ( 3 0  mm ) skin 
re f le ctivity meas urement ( van Oort et al . ,  1 9 8 1 ) . Because 
this s tudy only deals with re lative measurements , this lowe r 
redness sensitivity may effect the color dif ference me asure­
ments to a lesser de gree . 
S ince seasonal vari ation is ascribed to mel an in pigmenta­
tion and erytherna (Quevedo et al . ,  1 9 7 4 ;  Parrish et al . ,  
19 7 8 )  our res ults show that these ef fects are me asured main­
ly by the L* color index and to a minor degree by the u* 
color index.  This is ve rif ied by the difference between the 
me an spectral curves of wintertime and summe rt ime ( figure 
6 . 3 ) , whi ch show an ab sorb tion ove r the who le vis ib le spec­
trum due to me lanin an d abs orbtion in the green part of the 
vi s ib le spe ctrum only , wh ich is ascribed to b lood ( a . o .  
Ande rson and Parrish , 1 9 8 1 ) . 
The skin color variation due to mus cular work and cooling 
is sma l l  when compared with the seasonal variation ( figure 
6 . 4  and 6 . 5 ) . The obs erved e f fects are ascribed to the 
vas cular dilatation and contri ction of the skin blood 
ves se ls caused by the thermoregul ation of the body . The 
paral le l  effe ct in mus cular work is the activation of the 
sweat gl ands . At high evaporative sweat rates the skin may 
coo l  and the vasodilat at ion is reversed in vas ocons triction 
(�strand , 1 9 7 7 ) , 
The results do have the fo l lowing consequences . The visual 
matching of the prosthesis to the skin is disturbed for the 
most part by the se asonal influence on the skin . Mos t ly it is 
not dis turbed by mus cular work and cool ing.  The exertion o f  
mus cular work , a s  observed i n  every day life , i s  merely ob-
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serve d by swe ating and breath ing rather than a facial disco­
loration . Howeve r ,  our obs ervations indicate that the sub ­
j ects with a low condition ( v02 ( max) < 3 l/min . ) show a color 
variation whi ch is s igni f icant to the error of measurement 
(Tab le 6 . 5 ) . 
Table 6 . 5 .  Facial skin color variat ion due to mus cular work and l ow 
temperature (4° C)  
error of measurement 
b i cycle ergometer 
bicycle ergometer : Vo 2 max > 3  
b icycle ergome ter : Vo 2 max < 3  
- - - - - - - - - - - - - - -
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S . D . L� S . D . u* S . D . v* 
I .  6 
2 . 2  
2 . 1 
2 . 5  
1- - - - -
I .  9 
I .  2 
1 . 6 
I .  4 
2 . 0  
1 . 3 
0 . 9  
I .  8 
I .  8 
1 . 6 
1- - - -
I .  I 
The low environmental temperature , whi ch is comparable 
with the temperature in our c limate , caused no facial dis­
coloration . Facial re ddening , due to a shift o f  the hemoglo­
bine dissociation was not obs erved in our expe riment 
( Z i j lstra , 1 9 7 3 ) . 
The re s ults in th is p aper have two consequences for manu­
facturing the facial prosthesis : 
Fi rs t iy :  the L* color mismatch between facial prosthes is 
and the adj acent skin can be res tored by apply ing , internal­
ly , me lanin type pi gments to the "winter "  (base) co lor recipe . 
Such adj uvants-pigments are es sentially grey . In addition an 
external coloring of the facial prosthesis may restore the 
altered u* and to a minor degree v* color mismatch , which 
ch anges the incre as ing resorp tion in the green part of the 
vis ib le spectrum. 
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Se condly : the wi dth of the range of the facial skin colors 
is important for the deve lopment of a color mixing sys tem . 
In a forme r study (van Oort et al . , 1 9 8 1 )  the width of the 
ran ge of skin colors was reported to be 2 9 . 6 ,  1 3 . 6 ,  1 3 . 6 ,  
fo r L * , u* , v* re spective ly in 9 5 %  of the popu lation . The 
influence of solar radiation on the skin extends this range 
with the range s of the seasonal variation (Tab le 6 . 2 ) . Then 
the width of the range of a color mixing sys tem fo r the 
facial skin color shoul d amoun t to 6L*= 4 1 ;  6u* = 2 4 ;  6v * 
1 7 .  
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CHAPTER 7 
THE SKIN RESPONSE TO G O Co I RRADIAT I ON 
AND THE CONSEQUENCES FOR MATCHING THE COLOR 
OF FACIAL P ROSTHESIS 
R . P .  van Oort , J .  Vermey , J . J .  ten Bosch 
7 . 1 .  A b s tract 
A radi o th e rapy tre a tme n t  r 6 0 co ) o f  can c e r  in the h e ad 
and n e ck re g i o n  caus e s  s i de e ffe c t s  in t h e  s ki n ,  whi ch pos t ­
p o n e s  t h e  fa c i a t  p ro s t h e t i c  treatment o f  a defe c t  in t h e  
fa c i a t  re gion . T h e  in cre asing an d fading e ry th ema and pig­
me n t a t i on o f  the  s k in was i nv e s tiga t e d, u s i ng a s ub t rac t i v e  
co t o  rime te  r .  
This  m e t h o d  w a s  ve rifi e d  wi th p h o tograp h s ,  s core d accor­
ding to  t h e  Oxfo rd s co ring s y s t e m .  Con comi t tan t ty t h e  re t a ­
t i v e  s k in t e mp e ra ture w a s  me a s u re d. Fourte e n  p a ti e n ts w e re 
inve s ti ga t e d  duri ng a p e ri o d  o f  2 4  we e k s . Th e me an c o t o r i ­
m e t ri c  s ki n  r e s p o ns e s ho w e d  a p e ak of s i x  w e e k s  aft e r  t h e  
ons e t  o f  i rradi a t i o n .  Six t o  s e ve n  w e e k s  t a t e r  on t h e re w a s  
no s i gn i fi can t di ffe rence b e tw e e n  t h e  s ki n  co t o r  b e fore and 
aft e r  i rradi ati on . At t h i s  t i me the dry des q uama t i o n  o f  t h e  
s k i n  has h e a t e d .  From t h i s  vi ewp o i n t  t h e  co t o r  matching 
p r o c e dure fo r a fa c i a t  pros t h e s i s  ma1,- s taPt not e a r i i e r  t han 
1 5  w e e k s  from t h e  ons e t  of irradi ation . If a non- i rradi a t e d  
co n tro t fi e t d. in t h e  fa ci a t  area i s  p re s en t  a c o  t o r  match 
fo r t h e  fa ci a t  pros t h e s i s  may s tart j u s t aft e r  t h e  irradi a­
t i o n  p e ri od. 
*To be submitted for publication to the Br . J .  Radial .  
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7 . 2 .  In trodu c t i on 
The tre atment of ma lignant tumours in the head and neck 
re gion requires a combination of different treatment modali­
ties in many cases . These modalities are : radiothe rapy , 
surge ry , E . N . T . - s urgery , chemothe rapy , plastic surgery , oral 
surge ry and maxi llofac ial prosthetics . 
A surgical app roach of he ad and neck tumours may result 
in a muti lated de fe ct in the facial region . Radiotherapy in 
combination with surge ry may complicate this morbidity . A 
de fe ct of the ear , nos e an d eye or a combination of thes e 
de fects may be re cons tructed surgically or by means o f  a 
facial prosthes is . 
Early skin les ions produced by radiotherapy may , however 
pos tpone the facial pros theti c  treatment . In the first weeks 
after completion of the radiothe rapy course the healing of 
the dry- and/or moist desquamation and the fading of erythe­
ma and change in pigmentation caus es delay in making a color 
match . The individual skin reaction pattern after megavo lt 
irradiation may be very di f ferent and it is not known when 
the skin re action reaches a relatively cons tant leve l .  
The early skin reactions after megavoltage radiotherapy 
1 6 0 co ) are des cribed by Tes smer ( 1 9 7 1 )  and f�ss ( 1 9 7 3 ) . With 
a daily fractionated dos e of 2 Gy/day for f ive days a week 
the skin appearance changes with increas ing dos age because 
of incre as ing erythema , epi lation , desquamation , pigmenta­
tion (or achromi a)  an d cap i l l ary conges tion and afterwards 
complete desquamation . The reparative proces s that fol lows , 
is ass ociated with progress ive fibros is and vascular s ub­
endothelial hyperplas i a .  
The time- dose re lationship based o n  clinical observat ions 
(Strandquis t ,  1 9 4 4 )  and experiments (Fowler , 1 9 6 5 )  shows 
that both the radiation dose and type of fractionation are 
of decis ive impo rtance for the biological e f fect . The maxi­
mal absorbed dos e of 6 0 co radiation l ies approximately 0 . 5  
cm beneath the skin surface (Tessmer , 1 9 7 1 ) . The cosmetic 
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e f fects on skin are ep ilation ( after 1 4  day s )  , erythema 
( after 2 1  day s )  , loss of function and ces s ation of se cretion 
of sebaceous and sweat glands ( after 1 4 - 2 1  days ) ( Rubin and 
Cas arett , 1 9 6 8 ;  Berdj is , 1 9 7 1 ; Mos s ,  1 9 7 3 ) . 
Turesson and co-workers evaluated skin reactions after 
radiotherapy with a photo-electric ref lection meter 
( Turesson et al . ,  1 9 7 5 ) . Ery thema and pigmentation developed 
concomi tantly and on the whole parallel for dif ferent frac­
tionation s chemes . Nine weeks after the onset of radiothera­
py the erythema and pigmentation leve l had returned to a 
cons tan t level whi ch was higher than the first registration . 
A visual method to evaluate the e ffects of varied numbers 
of dose fractions was used by Brennan ( 1 9 7 6 ) . He used a 
modi fi cation of the Oxford skin scoring system (Berry et al . ,  
19 7 4 ) . To each de gree of ery thema , pigmentat ion and des­
quamation a nume rical s core was sub j ectively allocate d .  
The ir re sults showed n o  res idual reaction twenty - four weeks 
after the beginning of treatment . 
This pape r aims to quanti fy ins trumentally the patterns 
of incre as ing and dec lining early skin reactions and to 
determine the earliest moment for facial prosthet i c  t reat­
ment . Concomitant ly the me asurement of the skin temperature 
was pe rformed .  
7 . 3 .  Ma t e ri a l s  an d me t h o ds 
Twenty-two patients with squamous cell carcinoma in the 
head and neck region were irradiated pre- or pos toperat ively 
as des cribed in Tab le 7 . 1 . The skin dos age was calculated at 
about 1 mm below the skin s urface ( S iemens Dosieranleitun g ) , 
this means 8 5 %  of the central tumour dos e  ( Ibbott , 1 9 7 0 ) . 
The irradiation techn ique was 2 p lan parallel fie lds or 2 
wedge fields . A control field was chosen to be outside the 
i rradiated fie l d ,  but suitably c lose enough to the area o f  




Tab le 7 .  I 
P at ient s ource �ield2 irradiation overal l dose overall dose disease 
in cm technic O . S  cm depth O . S cm depth 
skin rad . (Gy )  con tr . skin (Gy) 
60 
7x7 plan . p ar . S 3  T l b  NoMo l arynx s q .  car e .  B . H .  60Co 1 R . B .  60Co 7x7 p l an . p ar. SB 1 T l b  NoMo l arynx s q .  care . T . H. 60Co 7x6 p lan . par. S7 1 T 1 b  NoMo l arynx s q .  care . H . B .  60Co 7x6 p l an . par. 60 I T 1 NoMo l arynx s q .  care. E . G . 60Co 7x6 p lan . p ar. S l  I T 1 NoMo l arynx sq . care . G . K. 60Co 6x6 p l an . p ar.  SS I T 1 NoMo l arynx s q .  care . G . D .  Co 1 3x8 plan . par. S9 2 T 1 NoMo l arynx s q .  care . 
60 Co 
7x7 
P . J . S .  7x7 p l an . par. S 7  2 T l N oMo l arynx sq . care.  
60Co 
1 3x l 8  
H . N .  7x6 p l an . par. S J  I T l NoMo l arynx s q .  care . 
H . D . 60Co 1 6x l  3 p l an . par. 47  2 s q .  care . lip + lymf nodes 
60Co 
- pos toper . 
J . V .  1 2x9 wedge SS 2 sq . care . l ip + lymf nodes 
60 Co 
- pos toper.  
H . L .  9xl 2 wedge S6 2 sq , care . tongue + lymf 
nodes-pos toper . 
M. B . * 8 MV 3x3 . S  p lan . par. 6 1  <O , I basal car e .  dorsum nas i 
60Co 
+ wax mou l d  
B ,  v , d , V ,  3x3 . S  plan . par. 60 <O, I s q .  care . septum nas i j + wax moul d  
*Pat . M . B . , wi th wax mould the 1 00% is odose line lies a t  O . S  cm depth below the s urface (comparab le wi th 
60 . d ' . ) Co 1rra 1at1on 
histologic structure and exposure to the environment . One 
patient was irradiated by 8 MV x- rays , with a wax mould .  The 
s cattered irradiation of the control skin was calculated 
from me as ured beam p rofiles specific for the Gammatron 6 0 co 
unit (Krui z e , 1 9 7 7 ) . Thi rteen male patients and one femal e  
patient were i n  the age range from 3 7- 84 years with a mean 
and median of 6 4  years . 
They we re me as ured colorimetri cally once a week during the 
radiotherapy cours e an d every three weeks in the follow-up 
pe riod during eigh teen weeks . The biological variation of 
the control skin color be fore irradiation of this relatively 
small se le cted sample was only for the L* s igni f icant ly 
dif ferent from the comparable biological variation of a 
caucasion population (Tab le 7 . 2 )  ( Van Oort , et al . ,  1 9 8 1 ) . 
Another eigh t patients were e l iminated from the investigated 
samp le be caus e of lack of coope ration in the fol low- up period 
( 3 ) , ope ration in the fo llow-up period ( 3 )  or death due to 
metastases ( 2 ) . They were excluded from the results . 
For the colorimetric meas urements we used a Lovibond MK 
I I I  (Tintometer Ltd , Salisbury , G . B . ) with a movable measu­
ring head connected with fibre optics of 2 m in length . The 
press ure on the skin was cons tantly l ow (Van Oort et al . , 
19 8 1 ) . Al l subtractive colorime tric observations we re done by 
the first author .  
The Lovibond i s  a sub tractive colorimeter .  The ins trumen­
tal values are computed in CIE 1 9 3 1 ,  x, y ( chromaticity 
coordinates ) and Y ( luminance facto r )  and from these values 
the L* , u* , v* , color coordinates in the CIE ( 1 9 7 6 )  Uni form 
Color Space are computed .  For the presented range of colors , 
L* is re l ated to brightness perception , the u* index is re­
lated to redness ( pos itive) vers us greenness (negative ) 
percept ion , an d the v* index is related to ye llownes s  
( pos itive) ve rsus b l ueness (negative ) perception . Color 
di f fe rences between two color measurements we re calcul ated 
in 6E* (Wys zeck i , 1 9 7 8 ) , by means of 6 E* = ( 6 L* 2 + 6u* 2 + 
2 UV UV 6v* ) � . 
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The sub j ects sat upright in a dental chair with the left 
arm in a hori zontal res ting position . The skin color obs er­
vations were respectively taken at the radiotherapy skin 
region , the control field and the inner side of the forearm .  
The temperature of the microclimate of the measurement room 
was 2 0 ° + i° C and the sub j ects were allowed to acclimatize 
for at least 1 0  minutes .  
In addition , the patients were photographed every day of 
meas urement . The views were taken from frontal left , right 
and half-prof ile positions respective ly . The Agfachrome 
profe s s i onal 50 S diapos itives were taken at cons tant 
distan ce of 4 5 0  mm from the eyes of the sub j ects , with a 
lensopening of f/ 2 2  ( 1 0 5  mm ob j e ctive ) . Two electronic fl ashe s 
(Monolite 4 0 0  E )  were used at equidis tant from the chair .  The 
fi lms were processed by a comme rcial l aboratory (Capilux) . 
The skin response was assessed visually by two observers 
according to the Oxford skin s coring system from the s l ides 
(Berry et al . , 1 9 7 4 ) . The three s lides taken from the three 
dire ctions , in the course of the investigation , were pro­
j ected by three Leitz pradovit Color 2 5 0  proj ectors ( 1 2 0  mm 
ob j ective ) in a medium dark proj ector room for s corin g . 
The skin temperature was measured every day of me asurement 
by means of an Ellab A-S temperature meter , type du- 3 S with 
a thermo- couple probe ( type A-H l ) . 
The dif ferences of the means we re compared by the Student ' s  
t-test at a 9 5 %  level of s igni f icance . The dif ferences in 
standard deviations were studied by the F-distribution test 
at a 9 5 %  leve l of s i gni ficance (Wesp , 1 9 7 7 : Clarke , 1 9 80 ) . 
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7 . 4 .  Re s u i ts 
Colorime tric determi nations for the success ive measure­
ment intervals of the irradiated sk in were averaged for 14 
patients . The res ults in L* , u* , 
fi gure 7 . 1 . 
v* , are summarized in 
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Me an va l ue and s tandard e rrors of co l orime tric me asureme n t s  
(L * : - fi - ;  u * : � + - ;  v* : - - o - J  
fo l l owing tre a tment w i t h  � 3 0  
irradi a t i o n ,  for t h e  group o f  
in t h e  irradia t e d  s kin (N=1 4 )  
60  dos e  fra c t i o ns o f  1 . 2 5 MV Co 
indi v i dua ls . 
These colorime tric indices reach their peak at the s ixth 
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week from the onset of the irradiation . In the control skin 
no evident peak reaction was ob servab le .  
For each individual the colorimetric values during the 
period of measurement were calculated from off  the b asel ine 
i . e .  the initial value be fore irradiation . The colorimetric 
values from the base line fo r each measurement s tep for the 
group of individua ls we re averaged (Fig . 7 . 2 ) . The s ame pro­
cedure was performed for the control skin in the head and 
neck region and forearm 
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weeks of irradation 
Fig ure 7 .  2 
(Fig . 7 . 2 ) . 
11 14 17 20 23 
- weeks 
Mean va l u e s  and s tandard errors of co l o r  di ffe re n c e s  � E  
U V  
fo r e a c h  m e as ureme n t  s t ep agai ns t t h e  in i ti a l  v a l ue a t  t h e  
b e ginning of t r e a tm e n t ,  o f  t h e  i rradi a t e d  s k i n  (-Jf.- ) ,  t h e  
fa ci a l  s ki n  o u ts i de t h e  i rradi a t e d  region ( -0- - )  a n d  t h e  
inner s i de of t h e  fo rearm ( -�- - ) . T h e  ini t i a l  v a l u e  • ( �E=2 .  7 5 )  
co rre s p onds t o  t h e  s h o rt t e rm vari a t i o n  o f  the s ki n  co l o r .  
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The peak re action was reached in the s ixth week from the be­
ginning of tre atment . Between the third and twel fth weeks 
there is a s igni fi cant difference between the means of the 
no rmalized color dif ferences of the irradiated skin and the 
control skin , as we ll as forearm. I t  can be seen that the 
color difference between the initial value (baseline) and 
the first week of irradiation for the three skin regions is 
re lative ly high . This color di fference is signi f icantly 
dif ferent from the error of measurement and sugges ts a short 
term skin reaction together with a s ide effect of the irra­
diation . After 24  weeks the values have not returned to the 
in itial value . For the i rradiated skin the skin reaction 
sub s ides to lower leve l s  after a peak at week s i x .  Between 
the twe lfth an d fi fteenth week , the skin color is s igni ficant ­
ly dif ferent from the peak value . In the end the re is a 
cons tant leve l fo r + 1 0  weeks at least . 
Separate me as urements were made to dif ferentiate between 
the error of meas urement , the irradiated skin co lor variation 
and the biological vari ation . The precis ion of measurement 
was determined in e i gh t  sub j ects with three success ive 
meas urements . The comb ined standard deviation was calculated . 
Tab le 7 . 2 .  gives the values in comparison with the b io logical 
variation be fore irradiation and the s tandard deviation of 
the irradiated ski n .  
Tab le 7 . 2 .  Comb ined s t andard deviat ions o f  the irradiated group o f  
patients (N= 1 4 ) , b efore irradiat ion , caus ed by the irra­
diation .  Both compared with the precis ion of measurement 
in the popul at ion . 
d . f  SDL* SD u* 
SDv* 
precis ion of measurement 9 I .  I 0 . 5  0 . 9  
total variation in irradiated skin 1 28 4 . 0  3 . 1 2 . 5  
biological variat ion before 
irradiation 1 3  5 . 5  4 . 1  2 . 9 
caucas ian populat ion Van Oort et al . , 1 9 8 1  99 7 . 4  3 . 4  3 . 4  
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The pe ak change s and the res idual color difference at week 
24 are shown in Tab le 7 . 3 .  The t:. E* of the peak react ion as 
UV 
we l l  as for the twenty fourth week was averaged from the base-
line on the basis  of the in itial value . 
Table 7 . 3 . Mean and s t andard error of the basel ine col or difference 
t:.E* on the bas is of the skin color b e fore irradiation for 
UV 
1 4  subj ects after 6 and 1 2  weeks . 
t:.EtJ:v t:.L* t:.u* t:.V* 
irradiated skin 
6 th week peak skin react ion 1 0 . 7+4 . 0  7 . 4+4 . 5  4 . 7+4 . 6  3 . 5+2 . 8  - - - -
24 th week res idual skin 
reaction 6 . 4+ 3 . 2  4 . 6+3 . 8  3 . 0+2 . 0  2 . 0+ 1 . 3  - - - -
control skin 
6 th week peak skin reaction 5 . 0+3 . 4  2 .  1 +2 . 2  2 . 9 + 1 . 5  N . S .  - - -
24th week res idual skin 
react ion 3 . 9+ 3 . 2  1 . 9+ 1 .  3 N . S . N . S .  - -
S tudent ' s  t-tes t N . S .  - non s ign ificant 
In orde r to el iminate climati c ,  physical and physiologic 
in=luences on the irradiated skin , the color of the control 
sk in was subtracted from the color of the irradiated skin 
color . The mean color di fferences of L* , u* , v* and the 
comb ination in t:. E
* ( Fig . 7 . 3 ) show the peak somewhat earlier 
UV 
in the fi fth week . The dominance of the L* (pigmentation 
equivalent) reaction of the skin in comparison to both chro­
mati city coordinates (ery thematous equivalent ) is shown . The 
res idual pigmen tation is evident . 
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mean differential skin res1:>0nse 










weeks of irradation - weeks 
Figure 7 .  3 
Mean va l u e s  and s t an dard e rr o rs of co l o r  differences  o f  t h e  
i rradi a t e d  s k i n  agains t t h e  faci a l  s ki n  o u t s i de t h e  i rra­
di a t e d  fi e l d ( n L* : - n - ;  n u* : -+-; n v* : -o-; n E* : � )  
U V  (N=1 4 ) .  
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The mean temperature of the irradiated skin and the 
visually scored skin re sponse (Oxford skin scoring sys tem) 
are shown in figure 7 . 4 .  
mean skin response 
t 
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Figure 7 .  4 
Mean nume r i ca l s k i n  s cores and s t andard e rrors (Oxford s y s ­
t e m )  agains t t h e  t i me from t h e  b e ginning o f  trea tmen t ( -�- ) . 
The me an v a l u e s  and s tandard e rrors of s k i n  t e mp e ra ture ( -o - )  
i s  me as ure d wi th a t h e rmo coup le probe and E l lab A - S  m e a s u ­
r i n g  ins t rume n t  (N= 1 4 ) . 
The e levated skin temperature during irradiation coincides 
with the peak skin reaction . In the pos t- irradiation , 
fol low-up , pe riod there is no s ign ificant difference in skin 
temperature between the irradiated skin and the control skin . 
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7 .  5 .  Dis cus s i o n  
The results o f  the colorimetric skin color measurements 
of Hegavolt ( gamma ) irradiated skin are evident . After the 
peak . the skin reaction returns to a lower, relatively constant, 
leve l  between the twe lfth and fi fteenth week after the be­
ginning of irradi ation ( Fi g .  7 . 1 , _ 7 . 2 ) . 
The standard errors of the results are mainly due to 
variations in the response to irradiation from patient to 
patient . This is in agreement with the findings of Turesson 
( 19 7 5 )  wi th 1 3  MV i rradiation . 
The simi larity of the results between the colorimetric 
method an d the Oxford scoring sys tem , analyzed by two obser­
ve rs on the s lides is ob servab l e  in figures 7 . 2  and 7 . 4 .  
The res i dual dis coloration between the beginning of 
irradiation and twenty- four weeks later is shown in Table 
7 . 3  an d  figure 7 . 2 .  The means o f  res i dual pigmentation in 
our res ults caused by 1 . 2  MV irradiation are not s igni fi cant­
ly diffe rent from the initial skin color values (Fig . 7 . 2 ) . 
The s e  res ults are not in contradiction with the results of 
Brennan ( 1 9 76 ) , who found a higher amount of res idual pig­
mentation . He obs erved skin reactions of 1 2 5  KVP irradiation , 
whi ch has no sk in sparing e f fect.  
The res ults in  the control skin measurements indicates a 
scattering e f fect in dis coloration with the irradiated skin 
(Fig . 7 . 2 ) , wh i ch s l owly declines with t ime . S imultaneous ly 
the forearm shows an almos t constant level of skin color . 
This demonstrates the e f fect o f  scattered irradiation on the 
control skin outside the irradiated field (Tab le 7 . 1 ) . 
The color difference between the beginning of irradiation 
and the end of the f i rs t  week is caused by different factors : 
a short term vas cul ar e f fect (van Oort , Ten Bosch , 1 9 8 1 ) , a 
prohib ition to sh ave and wash the irradiated field , and a 
general phys ical dis comfort . 
The initial color difference before irradiation between 
the irradiated field and the control field ( F i g .  7 . 3 ) is 
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explained by the different skin colors of the irradiated 
fie ld ( the neck in 9 sub j ects ; a pre-irradiated ope ration 
region in 3 sub j ects ) and the skin color of the control 
field in the facial re gion . 
The differing skin reaction of the irradiated skin com­
pared with the control skin ( Fi g .  7 . 3 ) is caus ed by the 
contrib uted va lue of 6 L* with a minor contribution of 6 u* . 
This suggests  a large vari ation in obs erved brightness 
perception of the skin , caused by the increas ing amount of 
desquamation and pigmentation . 
I rradiation caus es an elevation of skin temperature 
( Fi g .  7 . 4 ) wh ich is also des cribed by Hoss ( 1 9 7 3 ) . 
The s e  findings lead to the fol lowing cons equences . The 
clinician wants to rehabil itate the patient pros thet ically 
as soon as pos s ible . It has been shown that the inner fore­
arm is not suitab le for color matching in the face (van Oort 
et al . ,  1 9 8 1 ) . Our findings indicate , that it is pos s ib le 
to match the color of the prosthesis to a non- irradiated 
control field in the face , if the initial color difference 
between the two skin regions is smal l .  In practice this can 
be done j us t  after the irradiation period.  If such a field 
is not availab le ,  than the color matching has to wait until 
the fi fteenth week from the onset of irradiation (Fig . 7 . 2 ) . 
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CHAPTER 8 
SUMMARY AND CONCLUS IONS 
8 . 1 .  S t a t e me n t  of t h e  prob l e m  
The treatment of neopl asms , maxi l lofacial traumas and 
congenital mal formation may re sult in a se rious dis figure­
ment of the patients face . A person with a facial de fect 
may be the sub j e ct of psychological and social prob lems , 
becaus e of the import ance of the face in interpersonal 
re l at ionships . 
The treatment modalities of facial recons truction are : 
a reconstruction by p l as t i c  surgery or a facial prosthetic 
tre atment of the de fect . The p l astic surge ry reconstruct ion 
is the method of choice in the recons truction of a dis­
figure d face , but can have contra-indications be cause of 
anatomi cal or pathologi cal re asons . 
The mat ching of color is of maj or importance in facial 
prostheti c  re cons truction . The wel l  known color matching 
methods are time-consuming , are difficult to reproduce and 
are b as ed on sub j e ctive color mat ching . An ob j ective color 
me asuring method shoul d be deve loped to put skin color 
matching on a more s cienti f i c  basis , by an instrumental 
color meas urement and the formu l ation of a matching base 
color with an elas tome r as base material . 
The aim of this investigation is to de termine ob j ectively 
the range of the facial skin colors for a skin color repro­
ducing sy stem . In thi s  sys tem the complex color changes 
caus ed by th e dynamic nature of skin should be included.  
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A rece ntly pub lished evaluation report , supports the im­
portan ce of such a sys tem ( Chen , et al . , 1 9 8 1 ) . 
8 . 2 .  Summary an d con c l u s i o ns of this  inve s t i ga t i on 
In the in troduction to th is study , the outline of the 
prob lem of dis figurement for the patient as wel l  as the 
phys ician is brie fly dis cussed and the aims of this inves­
tigation are de s cribed. 
In ch apter 2 the in cidence of facial prosthetic treatments 
and the psychos ocial aspects of facial disfigurement are 
des cribed (Tab le 2 . 1 ) . The appearance of the pros thes is is 
determined by its form , texture and color . The current 
pros theti c te chno logy in the res toration of fo rm , texture 
and color is outlined . It is conc luded that the reproduct ion 
of color in th e facial pros thes is and the prevention of 
staining by external factors need improvement ,  
The main phys i cal , phys iological and psychological 
factors wh i ch play a role in the pe rception of obj ects are 
des cribed in chapter 3 .  The measurement of color and color 
di fference requires a quantitative sys tem in which a 
physically me asurable property of an ob j ect is related to 
its perceived co lor. In th is se lected L* , u* , v* space tne 
nume ri cal di fferences in coordinates of the space yield 
approximately uni form rel ations hips with perceptual co lor 
differences (L* is re lated to brightnes s ,  the u* index is 
re lated to redness (+) ve rsus greenness ( - )  and the v* index 
is re l ated to yel lowness ( + )  versus blueness ( - ) ) . A method 
of meas urement has been se lected and for practical and eco­
nomical re asons the Lovibond MK III was chosen . 
In chapter 4 the appearance relevant properties o f  skin 
have been des cribed. The appearance of the skin is deter­
mined by the incident light , the structure o f  the surface , 
the excreti on of the seb aceous- and sweat gl ands , the chro­
mophoric e lements in the skin and the degree of s cattering 
in the epidermi s and dermis . The histological change s o f  the 
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skin caused by photobiological and phys iological factors 
have been des cribed.  No quantitative data are avai labl e  for 
a population concerning the degree and range of variation 
of the skin color of the face . 
In ch apter 5 an epidemiological investigat ion of the skin 
color of sub j e ct s  has been des cribed in the north of the 
Netherlan ds . The sub jects were meas ured on the palm of the 
hand , the inner fo rearm and the cheek . The measuring he ad o f  
the subtractive colorimetric me asurer (Lovibond MK I I I )  was 
p laced on the skin by means of a constant force balance . 
Thi s  method ensures that the pres sure on the skin never 
exceeds the subcutaneous cap i l l ary b lood pre s s ure . Calibra­
tion meas urements by means o f  a spe ctrophotomet ric method 
( Ze i s s  RFC- 3 )  showed that skin color measurements are 
comparab le between the Lovibond MK I I I  and the Zeiss RFC- 3 ,  
i f  the meas uring test are as of both methods should be 
app roximately equal . The measuring test area of 15 mm as 
we l l  as 30 mm using the Zeis s RFC- 3 showed an increas ing 
divergence in colorimetric value s  (Tab le 5 . 2 ) from the 
sub tractive color meas urement ( 5  mm measuring test area) . 
In a random ( sys tematic)  s ample of 1 0 0  sub j ects the range 
( 9 5 % )  and the me an of the distribution of the facial skin 
colors is analysed . Corre lations of the skin color indices 
be tween the th ree measured regions were not statistically 
signi ficant (Tabl e  5 . 5 ) . Thi s  means , that the color o f  the 
pros thes i s  should on ly be matched with the surroundings o f  
the pros thesis  be aring are as . 
Chapter 6 contains a des cription o f  the quantitative skin 
color var iations due to photobiological and physiological 
factors . In a f i rs t  sample o f  thi rteen persons the facial 
skin was me as ured every three weeks during one ye ar . The 
overall skin color variations we re computed for every sub ­
j e ct and averag
_
ed f o r  the whole s ample . In a second s ampl e  
of thirteen sub j ects the phys iological in fluences o n  the 
facial skin color we re measured by means of a bicycle 
ergometer tes t and fo r e ight of thes e by a cool ing experi-
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ment ( 4° C) . The mean facial skin color variation due to 
photobiological factors is about twi ce as large as that 
caused by vas cular ch ange s (Tab le 6 . 3 and figure 6 . 4 ,  6 . 5 ) . 
The standard errors of the measurements o f  the facial skin 
color vari ations in the mus cular work and cooling experi­
men ts were large . The se experiments mean that the extens ion 
of the range of the color mixing sys tem under these condi­
tions is likely to be unre l iable . The color sys tem is exten­
ded due to the photob iologic skin color variat ions ( Tab le 
6 . 2 ) . In addition an an alysis was performed of the photobio­
logi cal skin color vari ations . After determination of the 
short term skin color variation , taking the error of 
measurement into account , the photobiological skin color 
variations se ems to be caus ed by alterations in the skin 
whi ch in f luence the L* color index main ly and the u* color 
index to a les ser degree (Table 6 . 2  and Fig . 6 . 2 ) . This 
finding is con firmed by the spectrophotometric skin co lor 
measurements of one group of sub j ects in wintertime and a 
second one in summertime (Tab le 6 . 4  and Fig .  6 . 3 ) . 
Cons equently , the seasonal dependent variations of the 
facial skin color is added to the fabrication of a pros ­
thes is by makin g a second prosthesis with L*- u* altered 
co lor formulation , or by the external addition of mel an in 
type pigments to the lighter colored wintertime prosthes i·s . 
Such adj uvants pigments are es senti ally grey . 
In chapter 7 the quan titative skin color changes whi ch 
result from 6 0co radiotherapy treatment are described . 
During 6 months the irradiated skin and adj acent facial skin 
regions of 14 patients were measured colorimetrica l ly . 
Furthermore the morphologic skin changes were observed by 
me ans of co lor photographs .  The colorimetric skin changes 
and morpho logi c alterations showed that a color match is 
poss ib le on average thi rteen weeks after the onse t  of i rra­
diation . The change of the skin color variat ion after thir­
teen weeks compared with the baseline me asurement does not 
extend the range of the color mixing sys tem . 
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Summari z ing , in this inves tigation the width o f  the range 
of facial sk in for the popul ation in the north of the 
Netherlands is determined (P < 0 . 0 5 ) . Ins ight has been 
ob tained into var i ations in facial skin color . It has been 
shown th at photo-biologic factors influence the facial skin 
to such amount , that it determines the width of the range 
of the color mixing system as we ll . 
8 . 3 .  Indi cations fo r e x t e n de d  i n v e s tigation 
Suff i cient knowledge has been developed into the facial 
skin colors to begin the cons truction o f  a color system. The 
next phase will  be the deve lopment of the color formulating 
sys tem. This means the formulation and compos ing of di f fe­
rent mat ching bas e  colors from a base material with suitab le 
proportioning pigments . The s ub tractive colorimetric method 
is uns uitab le for color formulation . Spectrophotometric 
ref le ction me asurements in the measurement of the s cattering 
coe f f i cient of the skin according to Groenhuis ( 1 9 8 1 )  are 
suitab le in th is prospect , The spectral re f lectance curve 
and the s cattering coefficient , obtained by these methods , 
can be use d  for the calculation of the ratio of pigments . 
Calculation programs to do this are available in the syn­
thetic material in dus tries . Thi s information results in a 
numb e r  o f  base colors whi ch cover the range of the colors 
of the face and re sult in improved esthetics of the facial 
pros thesi s , whi ch res ult in pos it ive e f fects on the esthet i cs 
of the facial materials , the reproducib ility and the 
cost-bene fit ac count . Further investigations are necessary 
to improve the quality of the facial prosthetic materials 
an d skin adhesive s . Eventually , it is important for the 
facially dis fi gured patients to improve their psychosocial 
rehab i litation , being a part of the multidisciplinary treat­
ment programs . Res earch in th is field is recommended , 
For referrences see p .  1 4 8 . 
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SAMENVATT ING EN CONCLUS IES 
Pro b l e e ms te l ling 
Ten gevolge van de ve rwi j dering van een tumor , door een 
ongeval of door een aangeboren afwijking kunnen mensen ge­
handicapt warden door een ernstige misvorming van het ge­
l aat . Een pe rsoon met een ge laatsde fe ct kan h ie rdoor psy­
chologi s che en sociale prob lemen ondervinden . Immers het 
ge laat vormt he t centrum van aandacht in het sociale verkeer . 
De reconstructie van een ge l aats de fect kan geschieden 
door middel van een plasti s ch chi rurgis che corre ctie met 
lichaamse i gen weefsel of een ge laatsprosthetische behande­
ling met behulp van weefsel vervangend materiaal . De eerste 
beh ande lingsmethode ve rdient in het algemeen de voorkeur ,  
vanwege de verhoogde kans op acceptatie van de behande l ing 
door de patient . Dez e  chirurgische correctie is echter n iet 
altij d moge l i j k  vanwege anatomi s che of pathologische redenen .  
B ij de prothetis che behandeling van een gel aatsdefect 
z i j n  de vorm en de kleur van de prothese van groot belang . 
De reeds bekende methode n voor het reproduceren van de 
huidsk leur z i j n  tij drovend , niet reproduceerbaar en geb a­
seerd op een sub j ectieve wij ze van kleurbepaling en kleur­
ve rvaardiging . Er bes taat grote behoefte om de ze wi j ze van 
kleurreproduktie te ve rvangen door een meer obj ektieve 
methode om de kleur van het ge laat te bepalen , met het doel 
de z e  reproduceerb aar te kunnen imiteren in een b i j  voorkeur 
elas t i s che kunststo f .  
Doe l van dit onderzoek is het ob j e ctief meten van de 
huidskleur van het ge laat . Het vas t leggen en inventariseren 
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van de versch i llende k leuren van de huid van het gelaat . 
Een tweede doel is het vas tstel len van de mate waarin de 
voornaamste externe- en interne factoren invloed hebben op 
de kleur van de hui d .  Dez e  gegevens vormen dan de basis  voor 
de omvang van een k leursys teem , waarmee z ovee l  moge l i j k  
huidskleuren van een bevolkingsgroep kunnen warden vervaar­
dig d .  In een re cent evaluatie onderzoek wordt het belang 
hiervan ondersteund (Chen , et al . ,  1 9 8 1 ) . 
Samenvat ting e n  conc Lus i e s  van di t onde rz o e k  
D e  prob lematiek van e e n  ge laatsde fect voor d e  pat ient 
zowel als voor de behandel aar wordt ges chetst en het doel 
van dit onderzoek wordt bes chreven in hoofds tuk 1 .  
In hoofds tuk 2 wordt aan de hand van de frequentie van 
voorkomen van de faciale prothe se behandelingen ( Tabe l  2 . 1 ) 
en de psychosoci ale aspecten van de gel aatsgehandicapte de 
omvang van het prob leem aangegeven . De vorm , oppervlakte­
structuur en k leur van het ge l aat bepalen de vormgeving van 
de prothes e .  De huidige stand van z aken in de prothese 
technologie met betrekking tot de vormgeving wordt beschreven . 
Het reproduceren van de huidskleur in het prothes e  materiaal 
en het optreden van materiaalve rk leuring als gevo lg van ex­
terne invloeden komen voor verb etering in aanmerking . 
De voornaams te fys i s che , fysio logis che en psychologis che 
f actoren welke een ro l spelen b i j  het visueel waarnemen van 
obj e cten warden beschreven in hoofdstuk 3 .  Het meten en ver­
ge li jken van k leuren vereist een kwantitatief sys teem , waar­
in de re l atie tus s en de fys i s che prikkel en het waargenomen 
e ffect wordt vas tge legd . In de gekozen L* , u* , v* schaal 
s l uiten numerieke k leurve rs chi l len aan bij visueel waarge­
nomen kleurvers ch i l len in helderheid en chroma ( L* is een 
maat voor de waargenomen he lde rheid ; u* is een maat voor de 
waargenomen rood (+) of groen ( - )  kleu r ;  v* is een maat voor 
de waargenomen gee l  ( + )  of b l auw ( - )  kleur ) . Voor het vast-
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leggen van kleur en kleurversch illen is uit prakt ische en 
financiele ove rwegingen de Lovibond MK I I I  geko zen . 
In hoofdstuk 4 wordt aan de hand van een l iteratuurstudie 
bet uiterl i j ke aspect be s chreven van de huid als een dyna­
mis ch , variabel orgaan , we lke uit meerdere lagen bestaat . 
Het uiterlijke aspe ct van de huid wordt bepaald door de 
samens te lling van het opvallende licht , de structuur van 
bet oppervl ak , de excretie produkten van de huid , de chromo­
phore e lementen in de huid en de mate van verstrooi ing in 
de ep idermis en de dermis . De histologische veranderingen 
van de hui d  ten gevolge van fotobi ologis che en fys iologische 
factoren z i j n  glob aal beken d .  Er z i j n  echter geen kwantita­
tieve gegevens bekend ove r de mate van verandering van de 
huidsk leuren en de omvan g van bet huidsk leurgebied van de 
populatie . 
In hoo fds tuk 5 wo rdt een epidemiologisch onderz oek bes chre­
ven van de huidsk leuren , we lke in bet noorden van Nederland 
kunnen voorkomen . De bepal ingen ges chiedden op de palm van de 
han d ,  de binnenz i j de van de arm en op de wang . De meetkop 
van de subtractieve colorimetrische meetmethode (Lovibond 
MK I I I ) werd met een cons tante drukveer op de huid geplaat s t .  
D e  druk van de meetkop op de huid was dan niet grater dan de 
sub cutane capi laire bloeddruk . 
C al ibratiemetingen met een spectro fotometrische methode 
( Z eiss RFC- 3 )  toonden aan , dat de kleurwaarderingen van de 
huid ve rge l ij kb aar z i j n wanneer althans de meetopening bij  
beide methoden ongeveer ge l i j k  is . De  spectrofotometrische 
meetopening van 15 en 30  mm ¢ liet een toenemend verschi l 
van de colorimetrische waarden zien (Tabe l  5 . 2 ) ten op­
z i chte van de subtractieve kleurmeting ( 5  mm � ) .  Uit een 
sys temati s che ase lecte steekproe f van 1 0 0  personen werd de 
breedte en bet gemiddelde van het huidskleurgeb ied van de 
wang aangegeven van de populatie ( P  < 0 . 0 5 ) . De colorime­
trische waarden van de huidskleuren van de drie huidgebieden 
hebben onderling geen corre latie (Tabel 5 . 5 ) . Voor het 
s amens te llen van de prothesekleur kan derhalve geen gebruik 
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worden gemaakt van kleurme tingen die op andere , eenvoudig 
bereikb are , huidgebieden z i j n  verrich t .  
Hoo fdstuk 6 bevat een beschrij ving van de kwantitat ieve 
huidskleurvariaties ten gevolge van fotobiologische en fys io­
logis che factoren . Bij  een eerste groep van dertien personen 
werd gedurende 1 j aar iedere 3 weken de huidskleur gemeten . 
De maximaal gemeten huidskleurveranderingen per persoon werd 
berekend evenals een gemiddelde voor de he le groep . 
De fys io logis che invloeden op de ge laatsk leuren werden 
bepaald met behulp van een fietsergometer test b i j  een twee­
de groep van 1 3  personen en een koe lce lexperiment ( 4° C) bij  
8 pers onen van deze tweede groep . De  gemiddelde huidskleur­
verandering van het gelaat ten gevol ge van fotobiologische 
factoren is ongeveer twee keer zo groot als ten gevolge 
van uits luitend vas culaire veranderingen (Tabel 6 . 3  en F i g .  
6 . 4 ) . 
De stan daardfouten van de huidskleurmetingen bij  de be ide 
temperatuurregulatie experimenten geven geen aanleid ing tot 
een uitb reiding van het ge laatsk leurgebied voor een kleur­
sys teem ( F ig . 6 . 4 ,  6 . 5 ) . Het kleursysteem wordt we l uitge­
bre id als gevolg van fotobiologis che huidskleurveranderingen 
(Tabel 6 . 2 ) . 
Voorts werd een an alys e · gemaakt van de fotobiologisch 
veroorz aakte huidskleurveranderingen . Na het bepalen van 
de huidskleu rveranderingen op korte termi j n ,  met inachtne­
ming van de meetfout , b l i j ken deze veranderingen te z i j n  
veroorzaakt door veranderingen i n  de huid welke de L* e n  in 
geringere mate de u* kleurindices beinvloeden (Tabel 6 . 2  en 
Fig . 6 . 2 ) . Dit wordt beves tigd door de spectrofotometrische 
huidskleurbepaling van twee groepen mensen waarvan een in de 
winte r  en de tweede groep in de zomer werd gemeten (Tabel 
6 . 4  en Fig . 6 . 3 ) . De ze seizoens afhankel i j ke veranderingen 
van de hui dskleur kunnen aan het kleursys teem worden toege­
voegd door het vervaardigen van twee prothesen waarvan een 
in de zomer en de antler in de winter wordt gebruikt . Een 
andere moge lijkheid is om een prothese aangepast aan de 
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win terhuidskleur door toevoeging van mel anine- achtige pig­
menten te wij z igen in de z omer-huidsk leur . Derge l i j ke pig­
menten z i j n  in hoofd zaak gri j s  gekleurd . 
In hoofdstuk 7 warden de kwantitatieve veranderingen bij 
6 0 co bestraling in het hoo fd-halsgebied bes chreven . De be­
straalde hui d en een huidgebied buiten het bestralingsveld 
van 14  patienten , werden gedruende een hal f j aar colorime­
tris ch gemeten . Daarnaas t werden morfologische huidver­
anderingen vas tge legd door middel van kleurenfoto ' s .  De 
kleurverande ri ngen en morfologi s che veranderingen tonen aan , 
dat gemidde ld dertien a veertien weken vanaf het begin van 
de bes traling een kleurenaanpassin g  kan warden gemaakt 
(Fig . 7 . 2 ) . Dit is het stadium waarin de huidskleur min o f  
meer stabiel i s  geworden . D e  gevonden huidskleurveranderingen 
na de dertiende week ten op z i chte van het begin geven geen 
aanleiding tot een ui tb reiding van het kleursys teem . 
Samenvattend kan warden ges teld dat in dit onderzoek de 
omvang van het ge laatskleurgebied met een betrouwbaarheid 
van 9 5 %  we rd vastge s teld voor de bevolking van het noorden 
van Nederland.  Mee r  in zicht werd verkregen in de verande­
ringen van de ge laatsk leur.  Het is geb leken , dat alleen 
fotobiologi s che factoren de ge laatskleuren zodanig be in­
vloeden dat deze de gren z en voor een k leursysteem voor de 
ge laatsprothetiek mede bepalen . 
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Aanb e ve ling v o o r  v e rder onde rz oe k  
N u  er door dit onderzoek inz icht i s  verkregen i n  het 
huidskleurgebied voor een prothese kleursysteem is de vol ­
gende fase het overbrengen van de gemeten huidskleur o p  een 
identieke prothesekleur . Dit betekent het s amenstellen van 
een aantal basisk leuren met behulp van daarvoor ges ch ikte 
pigmenten en een b as is materiaal (kleurreceptuur) , z odanig 
dat geen of s le chts een geringe e xterne kleuring nodig is 
voor een identieke huidskleur . Voor kleurreceptuur met ingen 
is de subtraktieve colorimetris che meetmethode onges chikt . 
Spe ctro fotometrische ref lectie metingen van het ge laat en 
het bepalen van de verstrooiings coeffi cient vol gens de me­
thode bes chreven door Groenhuis ( 1 9 8 1 )  z i j n  daarvoor wel 
ges ch ikt . 
De met deze methode verkregen s pe ctro fotometrische re­
f lectiecurve en vers trooiings coef ficient kunnen dan warden 
ingevoerd in pigment concentrat ie bereken ingen . 
Kleurreceptuur p rogramma ' s  voor dat doe l  z i j n  aanwez ig en 
bes chikbaar in de kunststofindustrie . Toegepast in de pro­
thetiek kan dez e  werkwij z e  leiden tot een aantal basi skleuren 
we lke het vastgestelde huidskleurgebied zo volledig moge l i j k  
dekken , met pos itieve e ffecten o p  d e  esthetiek van d e  ge­
laatsprothese , de reproduceerb aarheid en de kosten facto r .  
Ook de kwaliteit van de prothesematerialen op z ich e n  van de 
huidadhes ieven kan nog aanz ienl i j k  warden verbeterd . 
Tens lotte is het in het belang van de gel aatsprothese­
p at ient te streven n aar een optimale vorm van psychosociale 
bege leiding als uitbreiding van de mult idiscip l inaire be­
hande l ing van de ze pat ientengroep . Onderzoek op dit ter­
rein is derhalve aanbevolen . 
Chen , M . S . , Udagama , A . , et al . : Evaluation o f  facial prosthe­
ses for head and neck c ancer patients . J . prosthet . dent . 
4 6 : 5 3 8 - 5 4 3 ,  1 9 8 1 .  
Groenhui s ,  R . A . J . : Scattering and absorption of l ight by tur-
bid material s ,  especially dental enamel . Z . pl . en uitg . , 
1 9 8 1 .  Groningen dis s .  
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